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This iniroduciion to ilie Vulcanolugy, deo- 
(hemistry. and Petrology (VC.P) section of the 
1979-1982 IUGG Quadrennial Repnn is in- 
tended to serve rs R thuinbnail sketch uf 
wme major research developments :uul 
trends in VGP over the pnsL four years. 

These notes nre drawn front, ;ind limited to. 
the nine review articles dim follow in iliis sec- 
tion. Although I have made an effon lo give 
mention to all areas covered by the reviews, 
the subjects about which f know most have 
inevitably received the greater play. A full 
reading of the reviews will provide n more 
balanced sumnuny. 

One particularly vigorous urea nf research 
has focused on characterizing the nature and 
scale of mantle heterugeneiLy »nd relating 
that heterogeneity to crust-man tic evolution. 
The popular model of a iwo-layered mantle, 
consisting of a depleted upper nianile from 
which crustal material was presumably ex- 
tracted and of a lower umlepleied layer nf 
primordial material, has recieved considei- 
able attention both pm and con, and a num- 
ber of quant it alive treatments bused on the 
layered mantle model have been published to 
describe trace element transfer between ciiisl 
aid mantle. Despite great efforts lo dcst i ibe 
mantle heterogenity in terms of tinic-dL-peii- 
drnt mantle dynamics and processus of chem- 
ical differentiation, the number of models si ill 
approaches the number of wnrkeis si inlying 
the prublcm. Actively debated lias Iwen the 
idle of ancient subducted ocean it cru.st, sng- 
Rfsied by some to comprise third mantle res- 
ervoir from which ai least some oceanic' is- 
land basalts arc derived. The siihcuiitincniu] 
lithospheric mantle may comprise yet a 
fourth mantle reservoir, and evidence contin- 
ues to mount that it is chemically distinct 
from subuccanic mantle, that in some regions 
it is relatively enriched in incompaiililc ele- 
ments, and that it has been isolated from the 
rest of the earth's mantle for bil linns of years. 

Several important new developments in iso- 
tope geochemistry bear directly on studies of 
chemical differentiation in the earth. 

1. A revolutionary advance lias l»cen die 
use of the m Bc isotope (half -life 1 J» m.y.) io 
study recycling or sitlKluc'tcd sudimciiiary ma- 
terial in island arcs. Virtually all '"lie is pro- 
duced by spalntion processes in the upper ai- 
tnosphere. In the oceans it accumulates al- 
"J® 1 enl «rely hi the upper few meters of 
traiirtemary material. Prelimium y measurc- 
rcenis, using a Van de Graafl geneminr as a 
Knsiuvc mass spectromcicr, have already 
cmoiisi rated the presence of ,0 lk- in most is- 
ontl-arc volcanic rocks studied-— the first rfi- 
^ l ^ al is land -arc magmas are de- 
flate m ^ 3rl ^ rani ^ own K°tng oceanic 

R f“ n ‘ mca3ur cnients of 9 He/ 1 He ratios 
ve shown large-scale variations in volcanic 
« of mantle origin. Some “hot spot" vol- 
lha, r 3Ve * l W l a Ue/ 1 He ratios (15-30 times 
w atmospheric helium) that are com- 
mit ^ lnler P rele d as "primordial, 1 ’ whereas 
ki h' 0Cean basa ^ and island-arc volcan- 
less than 10 times that of atmo- 
bull- r r C lUI ?' I nle resiingly, however, the 
htiwk °, c f an ‘ c island hot spots, some of 

exhibit high S7 Sr/“Sr ratios and others 
,° not| h av e *He/- , He ratios close to or 
vJla Tk' Cr t ^ an l l 10se °f mid -ocean ridge ba- 
Dbinna resu l ta » M yet largely uuex- 

rioutlv ’ lnlro ^ Ucc complexities that could se- 
r^ y J° m P ro,n « simply two or even three 

"^o,r models of .ht mamk. 
cam e _? ew radiogenic isotope technique that 
the ““ring the quadrennium utilizes 

TurwS ? aclion " 7fiLu to I76 Hf. Hf mea- 
Iani ami 1 * ” nve alread y placed some impor- 
ftoliuir u " ex P ectet l constraints on mantle 
are h In' °“P Ue tl,e fact that Lu and Hf 
lark in '<? . l01 y a nd should behave simi- 

in the ? U ? Nd ’ Hf isotopic heterogeneity 
dtanirpH n, e las a pparently remained un- 

‘"'licaies aI Cr | lhe pasl 2-8 b f” whe reas Nd 
are- A r 7 most two-fold change in die de- 

r ^mitis unre^K e ed mgeneity ' T, ‘ C 

marker 9 u adrennium has seen a 
l0 Pes J 1 ??® ' n ,be use or oxygen iso- 
lopej __ . rn l J | l nation with radiogenic iso- 
rocks’ io i,i 'V in continental igneous 
® a Kmas r.r CnUfy crusl3 i contamination in' 
^iibined presa,necI mande origin,. The .. 
top M ; t Se of stable and radiogenic isd- 
che toisis u, ? m “ re Roneral mqve by geo- 
10 TO nsLrai n U „ 2e ^ available analytical tools 
Prove haq A P etr ogcnetic models. In part this 
* evolved in feSpoq^ to increased ’ ; 


recognition that in addition to partial melting 
and fractional crystallization other magmatic 
processes such as magma mixing, assimila- 
tion, and metasomatism can influence mag- 
matic compositions in important ways which 
may nut he entirely obvious. 

Studies nf magma mixing have focused 
largely on understanding the mechanism by 
which 'fracijnnaied products are mixed with 
fresh injections oF cogenetic magmas in a 
complexly evolving magma chamber. Such 
mixing, while not affecting isotopic composi- 
tions, can apparently produce significant de- 
viations from expected fractional ion paths, 
especially for trace elements. 

The past four years have brought recogni- 
tion anew that crustal contamination involves 
both assimilation and reactional crystalliza- 
tion. It is now known that although these 
combined processes may produce liquid lines 
of descent for major elements that differ little 
from normal differentiation, the ciTcris on 
isotopic and trace eleiniu compositions can be 
profound. This "discovery" has been a pri- 
mary iiiotivntirin for using such crustal indica- 
tors ns oxygen isotopes to deiea small 
amounts of crustal contamination in mantle 
derived magmas. 

Soret dilfusinii and dmiblc-d illusive con- 
vection received considerable play dining the 
quadrenniiim as possible mechanisms fur 
producing compositional gradients in magma 
chambers and layered complexes, but there is 
as yeL little hard evidence lliui these pruccsses 
are important in the real earth. 

Work continues to focus on the effect of 
HhO. COh. and other vnlmiles in ningmaiii 
processes, including paiiia I melting and dif- 
ferentiation. Particular emphasis has been on 
mantle metasomatism because it relates to 
mantle heicrogeiiiiy and because it seems to 
play ail important role in iliatreiue nugm:i- 
lism. The extern and sc.ale of mantle uictusu- 
niRlisui ate still viiiiially unknown, huwL-vei, 
and appear likely to remain so miiil we can 
devise better means of distinguishing primary 
variations in mantle source rock compositions 
from the overprint of mollifying iiiHuemus 
lliuL alien melt Lonipositions during partial 
melting and magm.iik ascent. 

The motion and hcliavim of vulatiles also 
comprise a lively area of research activiis in 
nieinmoiphic petrology. OI particular impor- 
tance has been the increased use of stable iso- 
topes (chiefly oxygen) intcgiaicd with petru- 
logic iiifoi matinii in evamine (lnkl-on k inu-i 
actions, inchiding fluid abiiiidaiucs and 
mechanisms or migration. Tlicie bus been in- 
creased interest also concerning the effects of 
Huid flow on the distribution uf heat during 
inelnmurpliisni anil on the location of iso- 
g i nils. 

In the area of nieiallogenesis, the must ex- 
citing tlcvelnpmciu has been tlic discovery ol 
“smokers"'— active vents situated on seaHoor 
spreading centers and around which are 
found concentrically arranged deposits or 
highly concent rated zinc, copper, and iron 
sulfide ores. These deposits have evidently 
been extracted from the hot basalt overlying 
the shallow (1. 5-2.0 km) ridge-crest magma 
chamber by action or deep hydrothermal sys- 
tems where seawater convects through the ba- 
salt. The discovery or these hydrothermal sys- 
tems lias resulted in an expanded research 
effort aimed ni understanding the interaction 
of hot seawater with oceanic crust and mech- 
anisms For the hydrothermal transfer or me- 
tallic and trace elements. 

Notable progress lias been made over the 
past four years in developing genetic models 
tor the origin oF mineral deposits. The 
marked turn from empirical to genetic mod- 
els has been aided in large measure by ad- 
vances in three areas: (I) analysis of fluid in- 
clusions to obtain information on the envi- 
ronment of emplacement or epigenetic ore 
deposits; (2) study of phase relationships to 
provide thermodynamic information, includ- 
ing the nature of partly equilibrated systems, 
useful for determining lime intervals of min- 
eralization. metamorplilsm, or pluton unroor- 
ing; and (3) study of aqueous solutions to 
predict properties and behavior of complex 
solutions respsonsible for mineralization. 

Efforts to relate ore deposits to various 
plate tectonic environments or processes com 
tinue to meet mixed success. The possible, 
link between the subduciion.and melting ot 
metalliferous oceanic sediments and the tor- , 
matron of ore deposits in volcariic arcs (the 
■'jreosiill" hypothesis) remains unconfirmed - 
and is likely to remain so until much better , 
models are developed for magmatic processes 
in subductio'n zones. ; • ■ 

Research on rock- forming silicates contin- 
ues to focus on equilibrium, phases assem- 
blages and the uses of mineral or “existing 
mineral properties to deduce the P-T hiatop' 
of rocks. A rapidly developing area is in dif- 
fusion related experiments, especially those 
involving elenientparLitionlhg^twcqicoeX' 
isting minerals or minerals asd. ^ 
por phase, Continuing research effot^m . 
• duced a uumber of new gepthermom^ters 


In the field of experimental peirolngv, the 
diamond window, high pressme rcll has now- 
been used to produce experimental pressures 
io 1.7 Mbor, at temperature? in excess of 
•1000 K. The exjicriincnts have yielded infui- 
mation un a large class uf physical properties 
of minerals, oxides, and inctuls at P-*f rcnicli- 
lions of the lowermost mantle nr miter cure. 

The eruption nl Miiiuit St. Helens was im- 
questiunably die must inipnriaiu m lira noli igi- 
ral event of the quailreiiniuiii in ihc United 
States, publicly and sciemiftally. Erupliuiis mi 
Mount St. Helens began March 27. I UNI), anil 
reached maximum intcnsiiy tin May ID when 
more than fit) people were killed in a vulcanic 
blast and debris avalanche. The Muiint Si. 
Helens eruptions provided a wealth of infor- 
mation nn volcanolugical processes and 
served to locus U.S. alien t ion un processes nf 
explosive volcanism. Interest in Mourn Si. 
Helens has also led to much improved tech- 
niques for predicting eruptions. Of public as 
well as scientific interest also have been a 
number of seismic determinations indicating 
the (xusible presence of relatively shallow 
magma bodies bcucaili tectonically active ar- 
eas in the western United Stales, including 
Long Valley, California. Socorro, New Mexi- 
co. and Yellowstone Park. 

Either directly nr indirectly, inuch uf diu 
research effort in VGP over the past lour 
years has been aimed at uiulcrsiuinling re- 
sults in terms of a mobile earth. The broader 
implications fur VGP nf the revuluiinn ill 
ideas set in t not inn by the discovery of sea- 
floor spreading arc sLill being ailivcly sorted 
nut. 1 lie past lour years hu> perhaps been 
the most vigorous jicriiid ever fur VGP, as 
the liaiiilwaving speculations nr ilie previous 
decade came under mine kiiiii idled suuliny, 
and die search lor quantitative models a in- 
sistent widi other geophysical and geological 
const r aims proceeded in earnest. Needed in 
the next Imir years is a major elfuit tow.ud 
synthesizing all available geochemical and 
petrologic data in a coherent model of ciusi- 
mantle evolution anil mantle dilfcreiiliuiinn. 
a model th.ii ouglii alu.i io inrnr|K irate essen- 
tial structural and dynamical (c-specialh toil- 
veclivel tonsiraiiUs mi iiiiliiic of die liiiiiule. 
The possible role of .subducted nce.inii iTiist 
will liave in be factored inm siicli models. 

A diiliruh task lacing VGP in the next c|ii.i- 
ilreiiniiiiii is to achieve a belter iiiulci stand- 
ing ofniagmalic .mil gei »;licmiial processes 
in subdiniion /ones. Knowledge those pro- 
cesses is miciiil to nliiaining estimates ul the 
c< mi riliui if >n ol die iluuiigDiiig slab (■> islaiid- 
urc ami iniiliiieiii.il-arc m.igmaiism. ;i key 
variable in liiodels cd ciustal evoliiiiun. Tile 
new '"lie lerhniqiic is ilie most prnniising 
method lur direct qmnililntivc assessment ni 
die slabcuiuribiitiun. alilniiigli other isotopic 
wsleiiis ■.biiiild (■• 111111111 ' lx piuvide iiiipoM.ini 
coiiMuims. 

Tied iu all ut iliese studies should be in- 
creased cmpliasis nn developing beucr mud- 
els fur a variety of magmatic processes, in- 
cluding ascent mechanisms, and fur fluid and 
vapor transport in the mantle and crust. For 
all of litis and more, a central need is— anil is 
likely to remain for the foreseeable future— a 
much greater body of laboratory experimen- 
tal data tailored specifically Lo problems of 
the deep crust and mantle. 
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Ronald C. Taylor 

National Science Foundation, Washington, 
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The Atmospheric Sciences section contains 
12 papers; most of the topics have been re- 
viewed in previous tepurts, though not always 
in each one. Thus, atmospheric electricity lias 
not been reviewed for the past eight years, 
and mcsoscale meteorology war not reviewed 
in the last report. Regrelably. atmospheric 
cherhisiry is |it>t reviewed in this one (but see' 
the six reviews listed ai. the end of these re- 
. marks). 

Though the following 12 reviews discuss a 
broad variety Of topics, a common iheme 
emerges in many of them: the significance of 
new instrumentation or dogmic device Tor 
making Improved measurements of the atmo- 
sphere. Oalsley and Gage give a 1 sysiemaU?, 

discussion oF this theme; f will mention only 

three devices' which seemTo offer unusual 
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U.S. National Report to 

IUGG 1979-1982 

Em is iicriinlkallv |nil)li?liing l hr 13 overviews 
appearing in die tA.V. XiUmnnl Report to the Inter- 
natinml Union </ Gratiny and Geopkydn I97’J- 
I9S2. "I he U.S. N.iii'iual Repnn was puhlisbnt 
by AGU nn tifhalf iT die LkS. Naiiimal Cinniiiil- 
ice in fimr extra issues of ffnvnri of flevplnori 
mid Spare Phyiiri IRCS!'). flip ilisiiplinc nwr- 
views appearing here were pulilislicd with their 
associated papers (sec tainicniq list ai the cud ol 
cadi overview). 

SubKritiers in KGS]* will automatically ictcivc 
ilie f.iur cxira RGSP issues conl.iininn die U.S. 
Naiiuml Repuri, which were mailed in June 
IDR3 The four regular issues uf RC>SP are ap- 
pearing as usual ill Fehruiirv. May. August, and 
November. Those whn di> noi subscribe to 
RGS1* can still ubiaiu die entire U.S. Nalinn.il 
Repnn by entering a suburipiion in RGSI 1 . Ill 
nddilion. ihc repnn uf each discipline i< .niiu- 
m-uically mailed scparaielv to dune mcmliers nf 
AGU for »lium i tr.il diuiplinc is ibcir primarr 
AGU set linn .iMiiuiiiini; ibis wpn.itc ditirilui- 
liun is nudr pnssihir hr grants frum the rte- 
fen.se Mapping Agency. Nalinnal Acruuauiks 
and Npace Adniiiiisinuiun. Nalinnal Oceanic 
and Aiuuisplieric Adniinisiraiiun, Nalinnal Sil- 
ence tuuudaiiuu. Olhce nl Naval Ki-st'.ircli, anil 
U.S. Cienliigical Sun vv. 


die thi'cc-cli incnsion.il field of motion with a 
vciiicdl resolution and tcinjior.il scijul-iii'l' lat 
heyimil any cmiveiitioiial technique; its ituifi- 
gill'iiloii is flexible ami is readily poi table, l'o- 
lai-iz.uiiiii tecluiitjues u|qilieik in existing mcie- 
orulngiral riiikn? ill c* capable id measuring 
die c'vuiiiiioii and distriimliiiu of walei ilroj's 
in clouils, and thus, inferring mure autiiate 
rain fall rales; ilie technique may ulsn ullei :i 
new means of distiiigiiishiiiK ice and water in 
Guilds. '1 hough litlars have been used in ihc 
past lo identify and track ut-rnsuls, .uldUiuii.il 
nptions lor using lidar in measure winds, 
lemperaiure. niuisinre. and irsue chemical 
run Millions sire now emerging', such uieu- 
sureinciiis may lie made Irinii eiilier s.iielliirs. 
ai recall, nr die earth's mii face. 

New in si ru men is and measuring tech- 
niques are vii.il in invesiigaliniis ut the jdivs- 
ic* uf nat in ill i funds, iis jnhn Hailed temiiids 
us in bis review. In adcfitinii. lien ideas are 
ciiietgiug ihai cxpliciiv ackiimvli-dge the ini- 
tial inijhii tame of die iiii\mg id clouds ail in 
determining die dev e luj mien i and c-vuIiiikhi 
of waier and ice panicles in riaimal cl- mils. 

The nik ruplivsir ,d envimnmeui. ji.miLiil.u- 
ly die disiribiiiiun and giuwtlv ul w.iu-r and 
ice particles and ifieir sii)ise'.|Ueiii iiintiun. is a 
ceiiir.il ingredient of cxisiing dicm its <>l tin - 
Irical charge geiteraiinu .uid 5e|»naii>iu. 

Though the relative <uuirilni<i»n« nf "parii- 
cles .mil miilinn" icinaii; imir-sulved. ilu|i|ileT 
weather radar lias pl.ived a siguiluaiu ndu in 
helping to define die piulileni ut cluiid elei • 
trihcaiinn; it will, duubilcss. maintaiu this slu- 
ms in tlte near future. 

In a cognate tupic — weather ni'iililiialiniT — 
which draws heavily upon knowledge id 
cloud physics. Richard Dirks reminds us iliac 
although two notable attempts in modify hail 
and rain were statistical failures, these experi- 
ments did advance the physical understand- 
ing or clouds. 

The physic? of lightning crummies to bene- 
fit from the use of new instrumental ion, par- 
ticularly devices capable uf improving uiir 
knowledge or die phcnoincnolugv of Light- 
ning and die locations of charges associated 
with various lightning processes. 

Problems or climate as well as the rad iac live 
environment or natural clouds have com- 
bined to give a renewed emphasis to several 
problems of atmospheric radiation- Thus, the 
consequencea of an altered earth radiation 
balance owing to the increase in atmospheric 
carbon dioxide is a central problem, involving 
not only radiation, but the nature of the at- 
mosphere's water budget, and the radiative 
implications of changes in cloudiness. 

Mesoscale disturbances (organized thermal 
convection is a familiar example) have re- 
ceived considerable attention; their structure 
and kinematical properties have been de- 
scribed at some length by several investiga- 
tors. Characteristically, theory lags descrip- 
tion though the ideas of symmetric instability 
arc n promising beginning. 

One ol the more inte resting and sign i fivaut 
discoveries by boils dynamical ami synoptic 
meteorologists was the identification of tuesn- 
scale disturbances. Though these have been 
described at some length in the literature, rel- 
. aiively Tew aiteilipis liaye been made to ar~ 
count Tor the existence of mesoscale phenom- 
ena In the atmusphere. 

On the synoptic scale, some attempts have 
been made to identify- blurking phenomena— 
the persistence. of high pressure synoptic fea- 
tures in a specific geographical. region — with 
theoretical results of multiple flow equilibria, 
a topic initiated; by Jule Charncy before his 
death in 1981, Also, the dy nap lira I signifi- 
cance or critical 1 surfaces qr layers-r where the 
pjiade speed uf e wove equals the mean wind 
speed— continues to promote a lively discus- 
sion: Do such .surfaces- reflect or absorb rnb- 
mcntuhi or both? .. j. . . 

. Though many scientific results have been 
and will continue to emerge, from; the. Global 
Atmospheric Research. Program (G ARP), its 
{greatest contribution niriy well be iis own ex- / 
utence; the creation, of. an .institutional appa- 
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The fora! (joint for physical, chemical, geological, and bio- 
logical oceanographer}. 

Edilari Arnold L. Gordon, Lai mini- Doherty Gro- 
higlcnl Observatory, Palisades, NY 10964 (telephone 
91 J -339-2000, cxi. 325). 

Sea MARC 1 
Side-Scan Sonar 
Imaging Near the 
East Pacific Rise 

Daniel J. Formiri, William B. F. R\an, 
and Paul J. Fox 

m Six seamounts and many small const nic- 
cumal volcanic cones were recently investigat- 
ed during u combined Sea MARC I and Sca- 
Iwarn survey uf the East Pacific Rise (EI»R) 
axis between Q.ft'N and I3*N as [Nirt of an 
overall program funded by the Natiunal Sci- 
ence I'd undn i ion designed in characterize die 
al< mu-strike morphology a tut structure of the 
axis of i lie EPR|/iiwAui Technic Team. 

I!W3J. The larger sen mounts studied rail into 
twr. principal categories: tlmse dial exliibii 
purely constructional volcanic terrain a ml 
tlinsr wliei c the summits and Hanks show sig- 
nificant structural and crosioiial fea tines such 
•is summit calderas (cover plmiii) and collapse 
craters and edifice Hanks which have been 
extensively modified owing to mass-wasting 

processes (Figure 1 ). The studied 

i ncit ide three volcanos just west of die tl’R 
axial gialicit at which ini in a linear 
group that trends MU"W. The Hanks and 
summits or diese seamounts were insnuified 
on overlapping traverses by using Sea MARC 
1 side-scan sonar and Seabeam, mulii-beam 
ecliosuumling. Sea MARC I is a midrange 
side-scan system developed by International 
Submarine Technology or Redmond. Wash- 
ington, and Lamont- Doherty Geological Ob- 
servatory of Columbia University, Palisades, 
New York. It can insonify swaths or seafloor 
as great as 5 km (full width) and depicts sea- 
flour morphology and structure as small as a 
few meters with great accuracy. The resulting 


bathymetric base and sonar images have 
dearly identified an evolutionary pattern in 
die progressive structural and morphological 
development of these seamounts as one 
moves away front the EPR axis, with the de- 
tails of Lhe sonar records having important 
implications for constructional volcanism on 
the flank of the EPR. 

The cover photo shows the summit plateau 
of MOK seamount, the third (westernmost) 
volcano in this group, which contains a large 
complex caldera diat includes a 380-m deep, 
2 -kin diameter crater at its southeastern end 
and two coalesced “figure 8 " collapse craters 
extending to the northwest from it. This spa- 
tial arrangement of collapse features suggests 
that the principal volcanic conduit of this sea- 
mount has migrated to the southeast with 
lime and that a shallow-level magma chamber 
that periodically swells and contracts controls 
the evolution of the caldera. The summit pla- 
teau lies at a depth of beLween 1000 and 
2000 m and also contains a small, 20 m high 
volcanic cone Hint has produced a 2 -km-long 
lava tube network Lliat traverses the summit 


plateau in a southerly direction. Clearly, Mini- 
mil volcanism oil this seainmuiL lias included 
both intra-caldera and extra-caldera n op- 
tions with the style uf constructional features 
bearing many resemblances to subaeiial ba- 
saltic volcanic provinces. 

Figure 1 shows an unprocessed side-scan 
record that depicts the nurlliern Hanks uf all 
three seamounts (east is to the light) and the 
dramatically different edifice Hunk* that are 
the result of pust- and, pnssibly, syii-vulcanic 
mass-wasting processes, which huve lilt veil 
and grooved the sides of die middle vulcauo. 

Studies are now in progess to analyze quan- 
titatively all lhe side-scan information and 
combine it with the Seabeam data tu produce 
an integrated perspective and model for the 
construction and morphological evolution of 
a seamount as well as quantitative tlata on 
seafloor acoustic reflectivity. 
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in diis seamount sLudy project arc being 


number 331)2. } u * n bfci 

References 

Rise Axis Tectonic learn. An along.^ 
Seabeam and Sea MARC I 
the axis ol the hast Pacific Ri«: Impfe 
nous lor the accretion of oceanic litlT 
sphere, paper presented nt Sympoam,* 
Occame Lithosphere, Sponsor, Tea. uu 
University, JU83. * 

Daniel J. Tornnri and William fl. £ ^ nn 
with the Lamunt- Doherty Geological Obum^ 
Columbia University, Palisades, NY I 09 fa 
Paul J. Pox is with lhe Graduate School d 
(keannguifihy, University of Rhode Island, Km 
gurnet t, III 02RRI. 


>S‘p. 


1 s l 'f 

m 







F 

& : V 







M' 


■m # 



i- ' j iZs ^ , 


cle p«h is along mMHnc oTii^ ku H? ‘ ‘ ' ‘i ,h “ ^T' 1 ’ ,ll ° ,tf ll,e **[ 

mg processes, which have eroded the constructional slones anil irons ^‘V ' 1 ^T' . ra,,r l ,l,,, !‘W Mnvt gnawed unci gullied by inass-wa« 
out across the seafloor ai the base of the edifice in, I ;« A,! , 1 J . ,X w . vnlcaiui luxiic malei uil down the Hank. This debris has spread 

no. SeaHoor along the top of .he pholoiranh con ll * "***'' . lioiireileciive area north of the central xok*- 
falling away from the midline) and lobate How fronts, U ,UTn,nf,cv CIM,s,llK tk)"al vokiiuU terrain with many tones (note conical sliwto*’ 


Mews & 
Announcements 

Tin in Oceans 

High concentrations of tin in the North At- 
lantic. discovered by two Florida State Uni- 
versity oceanographers, have been linked 
with waste incineration and the burning of 
fossil fads in North America and northern 
Europe. The oceanographers say that the tin 
in llie North Adamic was transported there 
primarily through the atmosphere. 

In what lhe National Science Foundation 
(NSF) is calling the hrsi systematic study of 
tin in tile oceans. Mein rat O. Andrcac, asso- 
ciate professor of oceanography, and James 
r. Byrd, an oceanography graduate student, 
found that coiiccn trillions of tin are up to 20 
times greater in the Ninth Atlantic Ocean 
than they are in the uncuuianii nated equato- 
rial and tropical Pacific Ocean. NSF funded 
the reseat ch. 

Tin concern rations in the atmosphere are 
100 limes higher over the Nin th Atlantic 
Ihnu over the equatorial and tropical Pacific, 
Andrcac and Byrd found, while oceanic tin 
concent rations arc I km ween 5 and 10 times 
higher in the North Atlantic surface waters 
than ill the surface waters of the equatorial 
and tropical Pacific. In addition, the tin con- 
centrations in the waters or the Atlantic de-. 
crease with depth; in the Pacific there is little 
vertical change, the oceanographers found. 

T he tin concentrations can be a valuable 
tool, Andreae said, for tracing the movement 
of airborne pollutants from land to the 
oceans and as an internal tracer in the waters. 
Incineration of waste tinplate cans, solder 
and polyvinylchlorides (PVCs) ejects tin par- 
ticles into die atmosphere. Burping fossil fu- 
els and smelling such ores as copper and zinc 
also sire sources of atmospheric tin, die • 
oceanographers say. 

Andreae and Byrd became interested in tin 
concent rations because they wanted Tq invest ' 


ugate the general process of nielli ylation of 
metals by microbes and, more specifically the 
mediation of tin. Methylated metal com- 
pounds can be more toxic io some organisms 
than the free metal ions; mercury is the best 
known example. Organic meihyliin may be as 
toxic as methylmercury, Andreae said, espe- 
cially if the methyltin is concentrated in the 
relatively closed environment of an estuary ’ 
harbor, or bay. 

The scientists initially concentrated their 
efforts on the Sargasso Sea in the Atlantic 
but have since expanded to the equatorial 

i‘ 7 S In continuing with their 

work, B> rd currently is looking at both or- 
game and inorganic tin in die Chesapeake 
and Delaware bays, which are partially sur- 
rounded by heavy industry. The scientists 

i 1 . an . lo revicw th e concentration of atmo- 
spheric tin and the deposition of tin by rain 
over ,he No „h Atlantic. Next year they plan 
to examine transport processes. — RTR P 

New Marine Geology 
Center 

Marine geologists at Dalhousie University 
m Halifax, Nova Scotia, have created a new 
Center for Marine Geology. The formation 
or the center is part of a university-wide e r- 
rort to extend interests in marine research in 
all directions Director James M. Hal] said. 
The center. Formed in April, will be a focus 
Tor the expansion of research in marine geol- 
ogy. Tor the development nr marine instru- 
mentation, For the expansion of advanced 

Tr ^ J V ° rIt l S eofa S l5ts in marine 
geolog), and for the university’s interaction 
with. the pctroleuiq industry involved in a 
major play in the areas off the eastern Cana- 
dian. shore, Hal! said. 

Current projects oh llitf new center’s a K en- 
da include research drilling In the ancient 
ocean crust of ihfc Troodos ophiolite off Cv- 
Wg"{. W. 'MS. p. 441). invqlvement 
: with the Joint Oceanographic Institutions 1 :• ■ 
Deep Earth Sampling (J01QES) pVpgrahi.Y 


study or the recent history uf the eastern Ca- 
nadian shelves through applied ui irmi ink-mi - 
tology and sedimcniaiion processes, and dt- 
velopment of insti umcniaiimi lor inuritie ice- 
°logy. K 

Most oF the marine geologists at the renter 
are from the leaching faculty at Dalhousie; 
others are from the Betlfoid insti Lulc, the 
Canadian government's oceanographic orga- 
nization. The initial members of the center 
are Ah Aksu. Ronald Boyd, Martin Gililiniz. 
Franco Medioli, Patrick Ryall, David Scott 
and Mark Williamson. Paul Robinson is the 
associate director. The center’s coordinator is 
Jane Barreu; Marggi Pavlovski is the .mining 
program coordinator. The center's technical 
staff graduate students, and geosciemisis in- 


Meetings 

Estuarine Research 

s «S p Ve r nlh [nlernaiiona l Estuarine Re- 
Conference, sponsored by the Estua- 
nne Research Foundation (ERF), will be held 
October 22-26, 1983, in vL„ia Belt, Va 
Session topics include stable isotopes in es- 
uanne research; a comparison aFLon R Is- 
land and Rhode Island coastal lagoons^an 
ovemew of the Environmental pB™ 
gencys Chesapeake Bay Program; tidal 
mixing and plankton dynamic^ tidal power 
and «s environmental consequences; design 
analysis, mterprethtion, and uses of loncr-^rm 
estuarine and coastal tjlata sets; the physical 

bbt°S ' ^^.^d geochcmicS.^nd ' 

w 1 Xr^^ 5 “ ;,nVOlved ** estuary 
rjj? ll l i! of the estuary J 

,0,n “: Study ' W ftKl- 

cota Ir?t r ^r^ifcnil infbnniion. 


' ISBN (l-H7 r »‘JtHfil-4 

( i<*ci[»hv M ii( al Muntigrapb 17 

The Tectonic and 
Geologic Evolution of 
Southeast Asian 
Seas and Islands; 

Part 2 (1983) 

Dennis E. Hayes, Editor 

• Thu most comprehensive ana ^ 
conclusions, and speculations^ 1 ® 
anywhere regarding selecteq 
regions within Southeast Asia. .■ 

• Expands on previous studies comf^. 

since the publication of G.M. *3 
Tectonic and Geologic ^ v0 * u, | *j.- 
Southeast Asian Seas and la*® 
(I960) . . 

• Spans an unusually wide specWj^ 

disciplines . . . geochemistry- ^ .. •' 
tectonics, stratigraphy, paleornaS^r*- 
and more. . 

• Integrates vital Information h™* ■■ 

offshore and onshore investiga . 

402 pp., illustrated, foldoMf 
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Iron Core in the 
Sun? 

A suggestion has been made that the sun 
may have a central core composed of iron 
(Neu! Scientist, June 23. 1983). This suggestion 
is the latest attempt to Force a fit in theoreti- 
cal models of the sun’s internal temperature 
structure. That the sun does not Til well 
enough as a model for compositional origin 
of the rest of lhe solar system is evidenced in 
|u apparent deficiency in the production of 
neutrinos. Measurements on the earth to de- 
lect the emission of solar neutrinos are typi- 
cally low by as much as a factor of 3. If the 
core of the sun were to be composed of a suf- 
ficiently stable element, such as the form of 
iron lliat would exist at 14 million K. die pro- 
duction of neutrinos would he about what is 
observed. The result of die calculations of 
Carl Rouse is that the sun could have a core 
radius or about 5% of the total, with a density 
of about 1.8 x 10 s kg m' s . This core would 
be consistent with the properties of an iron 
plasma, instead of hydrogen and helium nu- 
clei. In the modeling procedure one could 
adjust the sun's temperature to a value low- 
ered by about I million K and have a lowered 
neutrino flux as well. 

If die sun has an iron core, then oilier so- 
far properties should be affected. Solar oscil- 
lations, Tor example, seem to compare well 
with iron core model calculations. What is 
now only an idea may be subject la vigorous 
test when models can be compared more 
closely to observations. 

There are, of course, other solar system 
implications of the sun's having ail iron core. 
Jupiter, for instance, is thought tu have h 
" rocky” core, or whatever the 40 megabit r 
equivalem is. h will be interesting io see 
whether planetary theorists will move quickly 
to try iron core models for all the planets of 
lhe solar system.— PMB 
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Stol'nr^f* 1 side-scan acoustic 

(flSRSiVl* L ummil of M OK Seamount 

SL? 104 Side-scan vehicle 
'Vhiie a ° n ® m 'dHne of the image, 

‘urns, wS hu stror, g Mt acoustic re- 
shadnw q d . areas arc acousuc 
bient r ' , mmu caldera is the mast prom- 
an ^ consists of diree co- 


White a u mu,me ol tne image. 
,u ms. JS H h °u stror, g eslt acoustic re- 
shadnw q d . areas are in acousuc 
bient r«. mmu ca idera is llie mast prom- 
alSi? and consists of d.ree co- 
decpcsi t*an *’ t ^ 10 sou dieastern one is the 
die left s ;h '?); Grooved terrain along 

lie< i cdffe Jr?u lhe ,,l,oto reRecLs die gul- 
by ]na ., 1 ,ne summit plateau created 

edifice A asu ^8 °f the upper flank of the 
eW, high cratered 'cone 

2 -km-lon' , n ? epea L l cra,er has produced a 
^^mit nfai Va L J lbe l,iat winds acroii the 
■ — (see article, p.482). 1 , 


Diamonds and 
Carbon Isotopes 

Diamond crystals may contain useful geo- 
chemical evidence of the deep portions of the 
upper mantle in their carbon isotopes. Two 
recent studies of Lypes I and II diamonds 
sliowcd that variations in & IS C may be related 
to carbon reservoir sources in die mantle {Na- 
ture, 303, 791-792, and 793-795, 1983). In 
the case of type II diamonds, h was noted 
that there is a strong— although not total- 
correlation with eclogitic suites. Type 1 1 dia- 
monds are low in nitrogen content, which 
would be consistent with aluminum in their 
eclogitic inclusions having acted as a nitrogen 
getter. The range in 8 ,5 C values was -0.5 to - 
3I.9°/ 0(1 , which actually is broad enough to in- 
clude Lhe variations of all known diamonds. 
With regard to individual crystals, however, h 
was confirmed that, on average, type II dia- 
monds are isolopically lighter than type I. It 
is suggested that type II diamonds are a sam- 
pling of an open carbon isotope reservoir, 
with minimal evidence or fractional ion. The 
variability may reflect the influences or recy- 
cled crustal material that reacted in the man- 
tle. 

In the study of type f diamonds, the crys- 
tals were precisely dissected by laser beam. 
The sections were analyzed to determine zon- 
ing effects within single crystals. It was found 
that there was a trend from core to exterior. 

In some samples, the cores were isoiopicully 
light (enriched in ls C), and the edges were 
progressively heavier. A regular pattern, it 
was suggested, may have been due tu a Ray- 
leigh distillation process or diffusiun, but 
from a single reservoir. Many of the speci- 
mens were isolopically heterogeneous, even 
on a fine scale, which may indicate u multiple 
fractionation process. Variations were lout id 
within rectangular growth zones, indicating 
that Lhcrc may have been random fluctua- 
tions in the isotope fractionation process, su- 
perimposed mi <iti underlying trend ol core 
io exterior. 

The method of dissecting diamond liwuIs 
was to use a focused, Q-swiuhed. Nd-YAC. la- 
ser; it was the first attempt tu use this method 
fur selecting samples of a single crystal for 
later stable isotope analysis . — PMH 

Waterman Award 

Nominations are Iwing accepted lor the 
Alan T. Waiennan Award, which amuiallv 
recognizes ail outstanding young scientist in 
the forefront of science. The award, named 
fur the first director of the Natiunal Science 
Foundation, was established by Congress 8 
years ago to mark the agency's silver anniver- 
sary. 

Candidates must be U.S. citizens and must 
be 35 years old or younger (or not be more 
than ft years beyond receipt of the Pli.D. de- 
gree by December 31 of the year in which 
nominated). Candidates should lave complet- 
ed sufficient scientific or engineering re- 
search lo have dcinniist rated through person- 
al accomplishments outstanding capability 
and exceptional promise for significant fu- 
ture achievement, the award committee says. 
In addition, those nominated should exhibit 
quality, innovation, and potential for discov- 
ery in Lheir research. 

In addition lo a medal and other recogni- 
tion, the recipient receives a grant of up to 
$50,000 per year Tor up to 3 years for scien- 
tific research or advanced study in the physi- 
cal, biological, mathematical, medical, engi- 
neering, social, or other sciences aL the insti- 
tution or the recipient's choice. 

Nominations should be submitted to the 
Alan T. Waterman Awnrd Committee, Na- 
tional Science Foundation, Washington, DC 
20550. Additional information and nomina- 
tion forms may be obtained front Lois J. Na- 
mely, Executive Secretary (telephone: 2Q2- 
357-7512). The award is announced every' 
May. For candidates to be considered lor the 
1984 award, nominations must be received by 
December 31, I9BS. 

Space Stations 
Favored 

Recendy. Presidential Science Advisor 
George A. Keywonh II created a new Wave 
of enthusiasm about the future of llie U.S. 
space program by stating in Sriwce magazine 
that the National Aeronautics and Sjjace Atl- 
.ninistratoln (NASA) should consider a major 
new initiative (July 8 ,. 1983). Keyworth has 
previously used Science magazine to proVltie 
his views on policy to the science rommumiy; 
in the past the messages.haye not been so 
supportive of the space program, bui appar- 
ently NASA has made the case for an, ambi- 
tious plan of space technology and develop- 
menL The new program may ^voivpspace 
stations to supports colony on life moqn (?ee 
ffm. Aoril | 0 ;iO 8 S. p. 145); and perhaps 


In the July 8 Science, Keyword] is quuicd as 
saying, ”1 think the country would take a ma- 
jor thrust in space very seriously. We’ve 
shown that the .shuttle wurks. and is realistic.. 
We know we have llie letTinulgy to build a 
space statiun — most advocates of a space sta- 
tion readily acknowledge that it is mily an in- 
tennediaie step in a more ambitious long- 
range giial of exploring the solar system." 

One approach is to construct a transfer sys- 
tem between low earth orbit and geosynchro- 
nous orbit. Such a system would save fuel 
throughout the program; it would also per- 
mit shuuling of men and material to the 
moon for construction of an expanded base 
of operations. The main concept here is that 
space stations are laboratories in themselves, 
as well as being way points or platforms tu 
serve as a step in extended transportation 
plans. 

NASA plans Lo prupsc construct inn of a 
space laboratory in the next fiscal year bud- 
get. These plans have existed fur some time, 
as a logical component of the space shuttle 
program. The space kill could he designed as 
a base for earth urbiinl operations that may 
lead in the development of factories on die 
lnunn and extended missions in Mars.— PMlt 

Radioactivity in 
Urals 

I merest in die problems due In the radio- 
active loiiiamiiiatiou uf the environment has 
been frequent ly siimulaicd by rumors ol an 
occurence of severe cniitainiiialiuii uf lakes 
and rivers in areas ur the Ural Mountains. 
Occasional evidence appearing in publications 
and provided by Soviet emigrants lias been 
pieced together and seems to suggest lliat 
there is <m ideal nppoiiiiiiity for grtituidwuiei 
geochcmisis and others in evahutle sin h ma- 
jor r.ulh Milivity in die environment. 'I lie rea- 
sons dial sin'll a si iu ly probably will mu take 
place is dial die cniiiumiiiatinii in.iv have 
been caused Inr die most pan by a uuclc-ai 
explosion in a Soviet weapons plain. 

V. Paikcr, an elivirontueiital scieniisl at 
Yandcrbili University, in a si inly l«o die De- 
partment ol Eneigv. deduced dial a laige ex- 
plosion occiu red io 1958 at a unclear luels 
reprocessing pi, mi at Kvshlvni in die Ural 
Mountains, m cording tu a recciu repun r.SVi- 
ence, Julv 8 . 1983). The report refers to the 
original inierpi eraiions of 7. Medvedev, a So- 
vivl gene-in w, wli" ■ I'licludcd dial nuclear 

lalliHil has a nua initialed a vetv extensive 
area around Kysliiym. 

Parker described the interesting story, ob- 
tained from his interviews with Soviet emi- 
grants, that the Soviets have duplicated, down 
tu intricate detail, a U.S. weapons plant locat- 
ed in Richland, Washington. Evidently, the 
Urals’ version of llie plant did not have ade- 
quate environ menial protection and safely 
procedures. The report stated: “The SovieL 
engineer [an emigrant) said that there had 
been many mishaps at Kyslitym dial resulted 
in extensive contamination of the Techa Riv- 
er and iis surroundings." Radioactive materi- 
als seemed to have been spilled frequently. 
The explosion incident described by Medve- 
dev appears to have been confirmed through 
eye-witness accounts. The resulting com amt- 
nation was so great that a large group of in- 
habitants, about 10,000 people, were evacuat- 
ed from the area. The area may be good for 
geochemical study for some time to come. 

• - PMB 

June Streamflow 



which had been rising steadily over the past 
10 inoiulis, readied a high point Tor the veur 
uf 12 HI. 0 H m above sea level. This is llie 
highest an rum I peak since 1024 when (lie lake 
rose 1281.71 in. The highest recorded level 
was set in 1 873 at ahum 1 2X3. (if* in. The lake 
rose 1.58 in front September 15, 1 982, to 
June 30, 1983, the greatest seasonal rise ever 
tmnded, lopping the previous rcioid of 
1 .1)4 in for llie same period in Ui0(>-07. 

The record snow nidi r until! In mi the 
heavy snow ai cumulations in the western 
states pushed 11 major alie.ilus to Tctmri 
high Hows ui UNC IS gaging stations in Ari/o- 
liu. California, Colorado. Nevada. Utah, .mil 
Wvtuiiing. lhe severe snowmelt Hooding 
produced ItHI-year llovvs .dung ptiilioris of 
the (adorachi River. The gaging Marion mi 
llie ( aiIiii ado Rivet along lhe iiolmadiv-Utalt 
border reported a peak llow ol l.S'.t hid on 
June 2fi. Flows of this magnitude arc t mi es- 
pecied io ottur on the long-iei m aveiage ol 
more ilian nine in a liutidn-d seals Melting 
snow|Uik also cm unbilled t<> extends v I bind- 
ing in NrhradiU along the Ninth I 'latte Kiwi 

hi llie- lower Misvivsippi River Immii. flow «■! 
die Mississippi Kivci ai Yiikshuig. Miss . set a 
new duilv high How oil June \ ■>! " I3tl bid. 

For llie mniilli, Jlnvv ol tin- Mississippi at ihc 
gaging si.ilion averaged 3(i*2'2 bid. I bl', 
alxtve average and die second highest |uue 
ilovv in 54 years ol ten ml. Usewlu-iv iu ike 
Mississippi basin, a record d.nb How was set 
oil the Big Black Rivet neat Bovina. Miss. In 
Louisiana, the How of ihe Hear I Rivet ueai 
Bog.ilusn sol a record fm lire* iiiumh. averag- 
ing 70 i> bid, llie lugheM June !lnv» m 15 
ve.u s of rec'ittl. 

Record or ncui -feiurd high groundwater 
levels nt individual wells in several states, in- 
cluding California, New York. Massac Im veils, 
and Maine, also indicate the geueralJv wci 
conditions throughout the country. The wa- 
ter level in one well at Granville, Mass., west 
of Springfield, stood at 8.55 ill Itelovv the 
land surface, the highest level ever recorded 
in this well in almusi 20 vears of record. 

Flows of the “Big Five” rivers were as fol- 
lows: Mississippi River jL Vicksburg, Miss., 
3622 hid, 13E3tf above average lur June, lint 
down seasonally by 22Cr front May; Columbia 
River at the Dalles, Ore.. 1354 bid, 3'.? less 
than the June average, but up 12 r ,c from last 
month; Si. Lawrence River near Masse nn, 
N.Y.. 864 bid. 6Ci above average for June 
and 6$. above May's flow; Missouri River at 
Hermann, Mo., 44 1 hid, 76*? above average 
for June, but down 275c frnm the previous 
momh; and Ohio River ai Louisville, Ky„ 243 
bid, 3SS? above the June average, but 755 
below May's How. (Map courtesy of the U.S. 
Geological Survey.) 


More than 90S of the key index gaging GeOpllV sidstS 
itions across the country reported average IT / 


stations across llie country reported average 
lo well-above average sirenmflows in June, 
and record-high flows were set on streams in 
Mississippi. Knnsas, Nevada, and California, 
according to a month-end summary or water- 
resources conditions by the U.S. Geological 
Survey (USGS). 

USDS hydrologists said that tlte ini usually 
wet conditions were also evident in the com- 
bined flow of the three largest rivers in llie 
' lower 48 states— the Mississippi, Si. Law- 
rence, and Columbia rivers— which averaged 
5841 billion liters per day (bid) (1,298 billion 
gallons per day) during June, 49% above the 
long-term average. The combined How of 
these major rivers has been above average 
now for |6 of the past 17 months. These . 
three large river systems, which Include the 
How or the Missouri and Ohio rivers, accuiint 
: for runoff front more than hair or the conter- 
minous United States and provide a quick 
check on the status of the nation’s surface-wn- 
, ter resources. 

Ojily H (or 8%) br die. 1 73 key index gag- 
ing stations reported below-averagc nows 
during June. The below-avera^e flows were 
reported , at individual stations m Florida, 

Georgia, Soiith Carolina, Indiana, and Wis- 
consin iri'lhe eastern half oF the country and 
: ill a regional band across the 1 Northwest. .. . 
Well-aboye average flows were reported by , 

i - 70 stations. , ' 1 • . 

. j^t, uie.end of June the Gr^rtt.Sflli L^ke, 


Homer E. Newell, president nr AGU from 
1970 io 1972. died July 18. He wus 68 years 
old. In 1062, he nnd James A. Van Allen, 
current AGU President, worked together tn 
start AGU's Planetarv Sciences Section. New- 
ell was the section’s first president (I962- 
1964). In 1938, after 15 years at the Naval 
Research laboratory, where he headed llie 
program on rocket research in the upper at- 
mosphere. Newell became assistant director 
for space sciences at the newly formed Na- 
tional Aeronautics and Space Administration 
(NASA). Two years later he was appointed 
deputy director for space (light programs, in 
1963 he was appointed director or me Office 
of Space Sciences, and 4 years after that he 
became NASA's associate administrator. An 
AGU Life Member, Newell joined AGU in 
1949. 



Homer E. Newell 
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ratus sufficient to plan, conduct, and finance 
several very large field experiments. The fi- 
nal tangible products of the observations, in- 
cluding a cumplete year of global data, will be 
available in late E983. 

The meteorology of the polar regions is 
more and more becoming the locus of global 
atmospheric problems. The sensitivity of the 
climate operating through the radiation bal- 
ance, including the effects of clouds and arc- 
tic haze, remains a central issue. In addition, 
the chemistry of the polar atmosphere, par- 
ticularly the presence and distribution of cer- 
tain trace substances, is a new feature of the 
meteorology of high latitudes. 

Finally, a comment about the hazards and 
joys of editing. Several authors affirmed that 
my editorial suggestions improved their pa- 
pers; the rest were courteous enough to re- 
main silent. I am grateful to both. 
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My function, in writing these notes, is to 
bring you up to date hi Geomagnetism and 
Pale oinagneti sin, in as painless n manner as 
possible— without tears, as the French lan- 
giiapc texts for tourists used to promise. In 
writing this account of progress in the past 
qund return im, 1 must first acknowledge that 
it is a personal and subjective viewpoint; an- 
other reporter would surely emphasize other 
developments. Yet, there is some viriurc in 
writing of things, about which one knows 
something, so I leave to future reporters the 
task of redresssing the balance in maLiers cov- 
ei iil. 

At the outset, one very sad event must be 
recorded. Oil April 3, 1981, Sir Edward Bul- 
lard died. His published work alone marks 
him as one of the leaders of geomagnetism fn 
our times. Yet his contribution was much 
greater; many an American geophysicist, as 
well as a whole generation oF Bntlsh col- 
leagues, have felt the benefit of his perceptive 
advice on their research. To those who saw 
him in the last Tew months of his life, his . 
courage in the face of hts illness WaB a re- • 
markable example of fortitude. It is by now 
welj known Ljiat the definitive paper! which- 
he wrote with Maliti, on secular variation at 
London, was only completed Immediately be- 
fore lus death. 1 The traqsmiual letter had 


been Lyped, but death prevented him from 
signing it. Bullard returned in this final pa- 
per to a topic to which he had contributed 
much. In it, he notes the role of Halley, who 
firsL described the phenomenon of westward 
drift., to which Bullard gave a new numerical 
precision, two and a half centuries later. I 
seem to remember Bullard saying in a lecture 
years ago that, while the Newtons of this 
world seem other than mortal, Halley was a 
scientist whose life and aclieivements could 
encourage one's own efforts. Bullard, like 
Halley, inspires and encourages us. 

The past four years have been a time of 
considerable progress and excitement in geo- 
magnetism and paleomagnetism. One of the 
highlights was MAGSAT. During its seven 
months in orbit, it completed the first global 
vector magnetic survev. The resulting data 
were used heavily in the 1980 IGRF, which 
was probably the most accurate ever com- 
piled. The contribution of MAGSAT extend- 
ed however far beyond that; it provided new 
knowledge of the external field, the core field 
and of crustal anomalies. The analysis of data 
is still underway, but already it has confirmed 
ihe predicted importance of vector data sug- 
gested by Backus. Indeed, a number of stud- 
ies have appeared in the quadrennium, 
whose principal aim has been better field rep- 
resentation; Langel and co-workers have tak- 
en account of the local anomaly fields at ob- 
servatories to obtain better raw main field 
data, Shure and others hare used harmonic 
splines to produce models that are smooth on 
the core mantle boundary, and Harrison has 
drawn attention to the important implications 
for field representation of the trigonometric 
form of the spherical harmonics. 

Secular variation studies have not benefited 
from MAGSAT, as much as main field stud- 
ies. Only after a number of low orbit satellites 
will it be possible to improve secular variation 
models comparably. Meanwhile difficulties in 
predicting secular variation persist. Contro- 
versy has developed over possible rapid 
charges or "jerks" in the field values. It is ar- 
gued by some, as Alldredge describes below, 
that the rapid changes may be the result of 
inadequate analysis. Others correlate the fea- 
tures with changes in the length of the day to 
infer aspects of core mantle coupling, ir the 
rapid changes do stand the test of further 
analysis, they could provide important data 
for the conductivity oF the lower mantle, and 
we shall have to rerive our ideas on the lime 
scale of changes in the core field that are ob- 
servable on the earth's surface. 

Palcumagnetists and archaeomagnetists 
continue their efforts to use remanent mag- 
netism of rocks and archaelogical ntaierial to 
extend the detailed history of the field back 
from hundreds to a few thousand years. The 
principal aim is to understand secular varia- 
tion in terms of such proposed phenomena as 
dipole wobble, dipole intensity fluctuations, 
and changes in non-dipole features, supposed 
to a rue from core mantle sources. 

Archaeomagnetism affords a link between 
the secular variation records obtained from 
modern observatories and obtained those 
from paleomagnetism. The quadrennium was 
marked by the long awaited publication of 
me French archaeomagnelic curves by Prof 
Thelber. The accumulation of data has led to 
new syntheses and to an increased recogni- 
lion of the possible importance of dipole 
wobble. Champion has analyzed the available 
archaeomagnelic data and concludes that 
much of the directional data can be explained 
by dipole wobble. The same conclusion was 
reached earlier by Lin in Beijing, but the re- 
sult was not generally known. This suggestion 
may not yet be en an appropriate statistical 
footing, but it does appear that dipole wobble 
has been underestimated in the past. 

One approach to the description of paleo- 
secular variation has been to make use of the 
excellent recording capabilities of lavas. Suffi- 
cient accurate spot readings of the field are 
made to determine the distribution or vectors 
at a site for a particular time interval. Models 
or secular variation, consisting of mixes of die 

P; r °P™r d m ^- l,nn !T s .' can tl,en l «ied in 

erms of pred'ctecl btuudina! dependence of 
the distributions of vectors. In the past qua- 
clrenmuin, Dodson was able to show, using 
thu type of analysis on the large data sets 

wail fh , ri 0m ICeLind ' | he Ca " arics ‘ »nd Ha- 

Ji lohig“SdT mujl bc bi - 

f^ U n lar variation- The principal work has 
been on lake sediments because they have the 

™ P d sedlmeniati °n rates? Patterns 
are beginning to emerge from correlations 
between differem lakes, but correlations with- 
in pamcular bikes are still a good deal more 
convincing than those between different 

y> lt n ‘. ay P rovc posable to 
track individual nondipole anomalies, as one 
ha taraetcomlogbl features, but it remains 
p be demonstrated that the magnetic anoma- 
m thC,r ldMUly whlle ^ing. An en- 
^ m the pMl ^ adranni t««n 
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th^^ a pass fi l ¥ 1 j nsep period a »P ccta of * 
the geomagnetic field, we encounter another 

■area of considerable effort; Led by Wilson's 

studies of the offset dipole, Merrill and McEl 

hmny have established^ there are indeS - 

long-term asymmetries of the geomagnetic^ 

field. For example, the sign of the iX of i ; 

. PV-p preserved during different polarity !. 


epochs. The evidence Tor the sign nf gV'/gi” is 
less clear. Nevertheless the possibility of per- 
sistent, or quasipersistcnt, uoiidipnlc aspens 
of the field are important, both in those who 
seek to understand the origin uf the field ami 
those who use it for tectonic reconstruct inns. 

There have been a number of claims dial 
short period intensity fluctuations of the field 
on a lime scale as short as one hundred years 
may be substantial. Comprehensive studies of 
intensity data by McElhinny, Seuanayake, and 
McFadden have shown that the distribution 
of values is best fitted by a truncated Gauss- 
ian distribution. This shows that the field 
does not follow a simple sinusoidal llncuia- 
tion. It is however consistent witli aperiodic 
fhictations, with both the nondipolc am! di- 
pole fields varying in a correlated milliner, 
i.e. when the dipole is strong, so is the nnndi- 
pole field. This type of fluctuation is different 
from the variation we observe at present, 
when as the dipole field decreases, the nondi- 
pole field increases. 

Studies of reversals, which were previously 
more concerned with recurrence intervals, 
have in the last four yeai-s moved towards de- 
tailed studies of individual reversals to deter- 
mine the transition fields. The principal diffi- 
culty in the work is UiaL we do not often have 
multiple records of an individual reversal, so 
that one faces the problem of a one point 
spherical harmonic analysis of the transitional 
field. Bearing in mind that the reversals may 
look very different, depending upon the lati- 
tude of the site at which they are observed, 
the major feaiures are established and agreed 
upon. The change in direction takes a Tew 
thousand years, while an associated decrease 
in intensity to a value of less than about 1 0% 
of the initial field value takes about 10,000 
years. The studies of transition fields has led. 
through die work of Hoffman, to a sysiemai- 
ics that may eventually permit distinction be- 
tween dominantly quadrupolar or onupoiar 
fields. 

One of the major feaiures of the reversal 
work in the quadrennium has been a great 
increase in the number of reversal records. 
Although the systematics have been able to 
accommodate much of the new data, there 
are exceptions, so that it must be concluded 
that there are important differences in the 
transition fields for different reversals: they 
cannot all have the same geometry. Marc- 
over. some reversals have important luuisixinl 
field components. One wonders at this stage 
whether additional records will bring about 
what Bullard sometimes called the usual cha- 
os of the earth sciences, or whether some as- 
pects of the simple pattern will remain. When 
one considers the difficulty of obtaining reli- 
able records, it is probably still a goixl bet 
that some of the axisyinmctric simplicity is 
real and that some records are noisy. 

The origin of the geomagnetic field re- 
mains a mysiery. There is no argument iliui 
some sort of dynamo in the outer core is re- 
sponsible for it, but there is little agreement 
as io which son h is. One is reminded ol LI- 
sassers warning that the core may not reveal 
the details of its motions to our analysis. To 
an outsider, it appears that dynamo theorists, 
while not totally foregoing the mote baroque 
pleasures of theorem mid cnunietllicorem, 
are taking a closer look at die physical slate 
of the core and at the record of the geomag- 
netic field, to produce more pliyslcinlly realis- 
tic models. One thinks of the work liy llussc 

with its experimental and theoretical analysis 
of the importance of the Taylor columns di- 


viding die outer core and Lonft'.a 
driven hy the progressive freSnlfc 
tier core. a 01 Ut#. 

I he Faraday disc dynamo a , 
simple m, Hid nTii* Bwmag„ e ,S^ 
process, continues to give iiuere5 £? m 
■I 11 ' "'“'J™ ,,r Ri'l'liiia showtdS^S 
■urn. .r, shunt I.* ihc circuit 
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able. T he behavior is replete with in? 1 
fluctuations and reversals with inJ? 
cur rente rates. The turbulent dynC* 
preach with us separation 0 r the Zj? 
processes into two scale sizes, theSa 
winch can be sampled statuucdlycwmJ, 
prove us power, as described it. W£ B 
by Benton Ix-low. The use of the ftJS, 
approximation holds promise foraZ? 
l adcd'UiHler standing or reversal, and Jl 
variation. Ihc approach assumes that ST 
hues move witli the fluid in the core aL 
sequence is that null dux lines, that enth* 
nuid aliovc which there is no radial cc™* 
nem, must remain null flux lines; duv^L 
deformed hut reconnection, which rtcum 
dillusioii, is not allowed. This approach- 
wel! place constraints on the transition £ 
during reversals, providing that the salt m 
ni tlie important features is large eiunuh da 
the approximation is relevant. As Bemm 
points out, the idea or null (lux lines hu re- 
ccmly been given Trash impetus by Hjdt.vls 
lias shown how it can be used to place esti- 
mates or the depth to the core-mantle bond 
ary. On earth, this can, of course, be chalri 
against the seismological results, and ike 
method has been vindicated. The method ru 
also be applied to planets such as Jupiter 6a 
which the deptli to the surface of the mag- 
netic field generating region is not know. 

Rock magnetism continues to maltepr> 
gress, but fundamental problems are un- 
solved and the topic, like dynamo iheoiy.ie 
mains inherently difficult. One seeks to mr 
dersrund structure sensitive properties of in 
ensemble of par tides, whose stale of intern] 
stress and composition is poorly known. 
These phases are a far cry from the wdWee- 
u men ted single crystals, most often studied u 
solid stale physics laboratories. At iherisltf 
using this report to further personal preju- 
dices, it dues seem tn this reporter chat we 
may be approaching answers to some fundi- 
mental questions in rock magnetism brow 
we are recognizing die importance of depar- 
tures from equilibrium cun figurations. In 
pai tirolur, as I lalgedubl lias shown, pseud- 
single domain behavior may be a conse- 
quence of domain wall nudeation phenome- 
na. Thus particles that cun sustain a down 
wall may be indefinitely preserved in a 
stable, no wall, or single domain state berw 
they tire unable in nucleate a wall. As the 
grain size increases front the l ruc singk do- 
main range, the probability of anhabood 
in ideal ion sites increases to give walls in w® 
magnet i/atiut i slates. Eventually, with hnbr 
increase of grain size the imclcation nton' 
IHIUHTOIIS enough to ensure mullMo®*®^ 
Imvior. Thus there is a gradual transition.^ 
pseiidt isingle domain state, from miesinff 
domain to true multidomain. If ihese iora» 
stand the lest of further work, the old paw- 
dux of the success of Ned’s single tlwffln 
model ol'iheriiioreiiuuient mByteuM*®!' 
finally lie resolved; the magnetic * 
rocks are indeed Loo large to be single cw- 
m.iiii but there are enough of litem in > , 
mctiisiiililc single domain state to accoum 
thermnreniniiciiec. 
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Thermoremanent magnetization remains 
on ares of considerable activity, as is appro- 
rate for the pritiicipai magnetization mech- 
on^m'of liie paleo magnetic record. Studies of 
the variation of die blocking temperature 
S, ambient field by Sugpnra and by Ciu tiler 
Zi Schmidt have revealed the way in which 
1 increased field decreases the blocking 
le mperature. Merrill has pointed out slion- 
fflinmgs in our use of the simple geomagnetic 
demagnetizing factor. A number of groups in 
Canada, the United Kingdom, and the Unit- 
ed Slates have started to investigate the effect 
of cooling rate on iherinoremaiieiu magneti- 
zation and have recognized again the impor- 
ance of modeling the approach to equilibri- 
The interpretation ol the magncuzaion of 
the sea floor has continued to occupy the ef- 
forts of many workers. There is a growing 
recognition that the layer 2b intrusive rocks 
may be of greater importance than had been 
previously recognized. The details or the pro- 
cesses of low temperature oxidation and the 
role of hydrothermal fluids in modifying the 
magnetic record of the sea floor are other ac- 
tive areas, which remain to be resolved. 

With die increasing sensitivity of the vari- 
ous magnetometers available to paleonmgnc- 
ilsls, the rock magnetism of sedimentary 
rocks is once again coming to the forefront. 

The process of acquisition of post deposition- 
al remanence has been studied by drying sed- 
iments, while observing their remanent mag- 
netization. Models of the blocking process of 
considerable promise have emerged. Much of 
the controversy about the magnetization of 
sediments is still centered upon the time lag 
between sedimentation and the acquisition of 
remanent magnetization. The review of 
chemical remanent magnetization by Merrill 
and Henshaw is of relevance here, as is the 
documentation, by Larson, of cases in which 
die magnetism of redbeds was acquired long 
after formation. Clearly the use of redbeds in 
high resolution magnetostrntigraphy must be 
accompanied by a demonstration of the lime 
of acquisition of remanence. 

One of the most remarkable developments 
of the past few years has been the improve- 
ment in the techniques and insiru mentation 
of paleomagnetism. The sensitivity and fast 
response lime of the SQUID magnetometers 
have brought about a revolution in measure- 
ment. Moreover, at just the right time, the 
microcomputer revolution has conic along; it 
has permitted the full power of the instru- 
ments to be utilized, ft is now commonplace 
for each magnetometer in a laboratory to 
have its own microcomputer, provided with 
on line Zijderveld diagrams and srereoplots. 
Thus, not only has the sensitivity of the 
SQUID's made possible the use- of samples, 
which would have been regarded as useless 
lw years ago, but the analysis of daw sets is 
mw far more sophisticated ; one can analyze 
different components of magnetization in a 
manner impraticable before the SQUIDS and 
Mtroj, To an old relic of the astatic magneo- 
mner era— the capabilities are amazing, but 
» too is the next level of complexity revealed 
m nature. 

Without much doubt Lite prinicipal conlri- 
™non of paleomagnetism to die earth sci- 
has been the part li placed in ushering 
lithe new moblisi view of tectonics, through 
|t* demonstration of continental drift and the 
iterp relation oF the seafloor anomalies. The 
!~™, r anomalies continue to play a key role 
m ihe interpretation of the tectonics of die 
Nt 100 million years. Recently, important 
wriRcauons of the Atlantic and Indian 

appeared. Much effort is now in- 
otred in the interpretation of the more puz- 
anomalies, in back arc basins, where the 
I'*™ 18 less clearly written and the tectonic 
P^ress more complicated. In a similar tnan- 
Rhkr 3 L linenta ' paleomagnetism lias by now 
Waned die major features of the history 
most of ihe larger continental blocks For 
P^t 100 million years. The most difficult 
prowems Q f Paleozoic and PreCambrian re- 
njciions and the history of micropinies 
bio ^ lhCr crus f a l fragments caught in evolv- 
cj j roargins are now the focus of inter- 

.^PreGambrian paleomagnetic reconstruc- 
are Pnniri pally concerned with whether 
therr w 1 * Sln ^ e su percontinent or whether 
, cre several land masses. Such ques- 
u v i. nriporiant bearing for the tectonic 
iin n , , l ^ e Pre ^* am hrain. Were, plate mo- 
Camh^ We ™ ow them, an aspect of the Pre- 
tcmwii? icene? They also bear upon the in- 
pt ? «*° n ea rly "faunal" provinces. A 
taiT 6 successful PreCambrain pa- 
Pobr SI j m “ 10 he able to track apparent 
teconwn ■ r P 31 * 15 from Phanerozoic 
which iC?i CUC,ns thc PreCambrian, knowing 

BMtT ° ne rietermining. The principal 
“ssafelt, f erla ' n section will indeed carry 
eitOHgh^rl^M IO lhe PreCambrian with 
hy, Until fu- - to reso,v e the polatity antbigu- 

race i "' 

nc fe stuHi1 Clpal ™ cent advance in pstleomag- 
the studip, fPP^ed to tectonics has been in 
plates canok, . IUlcro P 1 aies arid fragmehis of 

•hough thlre ZSP** p!ate M ~ 

Srorit, the re n3d . e . n antecedents of such 
scal ®- The w nt ac,ivit f » °n a totally new . 
are bei n - J re j te, ; n re gions of North America 
P^onvaoT,-,- P f ted ^7 die drilling of the . 
rebon n d^Tu IS,S 0no fears for an isostatic 
"umeroii* , f, ssence of the results is that • 

.. * maU . units, christened terrenes. 


have moved northward over periods of mil- 
lions of years in a process somewhat analo- 
gous to a gigantic long shore drift. It is the 
paleomagnetic inclination, which reveals that 
the terranes must have come Tram far south. 
They became attached to the North Ameri- 
can landmass and subsequently were tectoni- 
cally deformed, disrupted, and transported 
northward. The process may sometimes have 
been related to oblique subduction, but other 
limes it seems to have involved plate frag- 
mentation rather than classical plate tectonic 
mechanisms. Among the many groups in- 
volved in the documentation of the history of 
Lhe various parts of this western margin of 
the North American landmass are Beck at 
West Washington Slate University, Hillhouse 
and others at the USGS at Menlo Park. Cox 
and others at Stanford, Stone aL the Universi- 
ty of Alaska, Luyendyk and his group at 
UCSB, and Marshall at San Diego State Uni- 
versity. 

Paleomagnetism has also been able to con- 
tribute to geology by helping to establish the 
time scale. The seafloor reversal record con- 
tains an incredible wealth of stratigraphic in- 
formation, and considerable effort has now 
gone into establishing this chronology on 
land, in paleontologically datable material. 

One of the most successful studies was that in 
the Gubbio section of northern Italy by Low- 
rie, Alvarez, and others. Here the Late Creta- 
ceous and Early Tertiary magnetostrati- 
graphy have been established in detail. It has 
been most rewarding to watch the continental 
record emerge and to see it match the sea- 
floor data. A similar effort has of course been 
going on for sometime in the Deep Sea Drill- 
ing cores. This has proved difficult, although 
the advent of the giant piston corer may well 
revolutionize Lhis work. A revised time scale 
has been published by Ness and others, which 
continues the process of dating absolutely the 
principal stratigraphic boundaries of the past 
1 00 million years. This chronology can then 
be used in applications, as varied as the tim- 
ing of tectonic rotations and the dating of 
hominid finds. 

The study of continental magnetic anoma- 
lies in the United States has benefited from 
the appearance nf the National Magnetic 
Anomaly Map. The map suffers from the dif- 
ficulty uf being a patchwork of data gathered 
from, different altitudes and with different 
line spacings, but it is a first step. Hitizc is to 
be congratulated on the successful comple- 
tion of the difficult task of obtaining the nec- 
essary data and seeing the map through the 
various committees to publication. It must 
also bc a great satisfaction for Zciiz to sec 
this expression of his earlier compilation ef- 
forts. It is now to be hoped that the United 
States will join other nations, developed and 
developing, which have an .icmniugneiiL ui.ip 
of their count rv on a common data base. 

The availability of the National Magnetic 
Anomaly Map and the MAGSAT maps en- 
courages tecionocisis to analyze the magnetic 
data. Already considerable discussion of the 
long wavelengih anomalies has begun. The 
renlity of some aspects of these features is still 
in dispute, but that such features exist seems 
inescapable. The Curie point isotherm may 
indeed give such a long wavelength source. 
Recently. Wasilewski lias, however, suggested 
that, the Moho may be a magnetic boundary, 
with no magnetic signal coming from mantle 
sources. It is not yet dear whether this is the 
case or whether tite Curie point isotherm will 
be the critical boundary. At the opposite ex- 
treme of magnetic anomaly work, there is in- 
creased activity in determining very small 
anomalies in sedimentary basins. The avail- 
ability of the SQUID gradiometera may yet 
give rise to a new round of high precision 
surveys. 

Observations of temporal changes m the 
geomagnetic field as a precursor of earth- 
quake and volcanic activity have long attract- 
ed workers. Unfortunately, the subject has 
suffered in the past from too much modeling 
and too little observation. The early models 
had uncertainties of roughly an order or 
magnitude in each of the several parameters 
required to calculate the stress response of 
unknown rocks, at an unknown depth to un- 
known stress. However, models predicted ef- 
fects within an order of magnitude of the* ca- 
pabilities of instrumentation al the time. Re- 
cendy, after a considerable improvement in 
technique has shown little indication of the 
proposed effects, the models have been re- 
vised downwards by about an order, or mag- 
nitude to the new detection limit, although 
the unknowns remain a bout as unknown as 
before. Meanwhile attempts to observe the el- 
ects continue. Both the instruments them- 
selves and the data analysis have beewup- 
erraded as described by Davu below. The ex- 
periment is extremely difficult, and one must 
admit that a dear demonstration of |lw seis- 
momaimeilc effect is still awaited. 

The rolcanomagneilc effect has been more 
convincingly, demonstrated. Dava has r JP° 1 ‘ 
e d events from both Kdauea and St- H dens 
and jo^nsum another event from Si. Helens, 
Like observation oF the ieismomagnetic el- 
E its observation requires high senstuvity ■ 
Instruments coupled with andysb Lhat .ra 
eliminate the background noise wden i ol 
magnitude larger than the signal. 
periments on* seeks lb ^ in ^' onal 

gamma anomalies with time constant of;-, 

: tKS y«ri. a wealihpf : 

Jgri^udies hi* cm To.(he out*- 


sider there is a bewildering number of tech- | 
niques involved, but there is no doubt that I 
these methods are now giving important in- 
formation about the crust and upper mantle. i 
In major zones of crustal extension there is a i 
ubiquitous low electrical resilience anomaly 
that accompanies. the decrease in P - wave ve- 
locity. Below this, there is a region of normal 
crust or a few lens of kilometers and then the 
mantle iiselMs found to have anomalously 
low seismic velocity, density, and electrical 
resistance. Anomalous conductors have also 
been found over subdue lion zones, at depths 
oF nearly 20 kms. It remains to be seen 
whether this is due to rising magnin or to die 
presence of water. The intrinsically difficult 
problem or electromagnetic measurements on 
the seafloor continues to attract attention; ac- 
tive source techniques are used lu resolve 
shallow structure and MT and geomagnetic 
variations to resolve the features deeper than 
20 kms. Filloux has shown that at 1 2° and 
21°N on the East Pacific Rise there is a con- 
ductor about 30 kms below a resistive layer. 
Beneath a site in the fore arc of the Mari- 
anas, Filloux interprets a shallow conducting 
layer which he ascribes to the sediments and, 
below them, a thick resistive crust :md as- 
llienosplicrc. These studies continue lo be 
supported by laboratory studies thut give bet- 
ter estimates of the electrical properties nf 
minerals in the relevant environment at 
depth aiul by continually improving tech- 
niques of analysis. 

The paleomagnetism of ext ra-icrrcsi rial 
material has taxed our capabilities to the lim- 
it. There is little disagreement that meteorites 
and lunar samples have some rcuiuiienl mag- 
net izntiun, which was acquired before they ar- 
rived on earth. There is also substantial 
agreement tliaL some meteorites and some lu- 
nar samples were magnetized in relatively 
strong magnetic fields— comparable in order 
of magnitude tu the earth's field. Surface 
magnetometers, orbiting inagneioincieis, and 
the orbital electron back scattering experi- 
ment all demonstrate that the moon's crust is 
magnetized in a tinicliy manner. These mat- 
ters arc discussed in detail by hluud anti Ci- 
sowski. Suggested explanations uf lunar mag- 
net ism have included random moments in 
the rocks, impact related effects, a lun.it dy- 
namo. a fossil magnetism inherited from the 
incionn’s formation and the geomagnetic 
field. Recently C-isowski has analyzed in detail 
the relationship between the strength magne- 
tization and the age uf the lunar samples. He 
lias shown dial the strongly magnetized sam- 
ples have a very restricted age range of be- 
tween S.Li and 3.8 AE. This casts a new light 
on lunar magnet ism. For example, shock fails 
as an explanation for lunar magnetism be- 
cause there is no reason why shock effects 
would tints man lit such a limned period »l 
lime. It is curious that this period coincides 
with the end of the major bombardment of 
the moon and the onset or mare basalt extru- 
sion; Cisowski speculates that there may be 
some common cause, the most natural of 
which is the dose approach of the moon to 
the earth. Even in this circumstance, some 
amplification of the geomagnetic field would 
be required, before it could account for the 
postulated lunar fields, unless the terrestrial 
held was larger by more than an order of 
magnitude at that time. The magnetism of 
meteorites, like that of the lunar samples is 
inadequately documented and the subject of 
considerable controversy. Very large inducing 
fields of the order of oersteds are claimed for 
the early solar system. However, it is slUI too 
early to have very much confidence in these 
results. When one considers that much of the 
magnetization of the lunar samples and of 
the meteorites was probably acquired nearly 4 
AE ago, the luxury of a few more years to in- 
terpret this magnetism does not seem unrea- 
sonable. Meanwhile, the magnetic properties 
can be used to define classification schemes 
of meteorites comparable to those usually 
based upon their chemistry. All in all. the 
past four years have seen considerable pro- 
gress in this area of paleomagnetism. 

The quadrennium has seen, If not the birth 
of a new science, at least the emergence into 
respectability of a new aspect of geomagne- 
tism, biomagnetism. Biomagnetiim itself is a 
field with a considerable literature, including 
innumerable attempts to document the effect 
of magnetic fields on the growth of cells and, 
in particular, on tumors. The nairtlcular 
branch of biomagneiisnt, which is most imme- 
diately relevant to geomagnetism, Is the use 
of the geomagnetic field by various organisms 
to navigate, or to rcgulntc aspects of their 

- Ply !a wSl‘ k n0Wn that animals are able to 
navigate over long distances. It has been 
shown that disruption of the! "magnetic 
sense” of pigeons, by placing p-meml sheilcls 
over their heads, has nd effect on their navi- . 
gallon on suriny days, but on overcast days it ; 

: severely reduces their navigational capable 
: fie*. They evidentally havq a sun-orienting 
system, with a backup system utilizing a mag- 
netostatic or electromagnetic effect. The most 
direct example of a magnetostatic system is , 
that found in certain bottom-seeking bacteria 
that contain strings of magnetite particles. 

The torque qri such a String or interacting ■■■ 

: single domain particles is potent In the World 
of a bacterium- irtdeed ihe efficacy or the sys- 
tem can bc demonstrated on a mfcroscope 
• slide. In iHe presence of a field, northern 
. " hemisphere bacteria swim, as a mass, along 
the field lines towards the south magnetic 


pole. On switching the polarity of the field, 
the bacteria reverse their direction. 

The mechanism of field detection is not 
dearly demonstrated in higher animals. In- 
deed, no convincing explanation of a purely 
magnctostaiir detection system has appeared. 
However, h has been demonstrated that cer- 
tain fish are able to detect the very weak elec- 
tric currents generated by their prey. By ex- 
tension, Kalmijn argues that they can also de- 
tect the weak currents which flow through 
their bodies as a result of the Lorentz force 
caused by motion in the geomagnetic field. 
That many animals contain magnetite is now 
irrefutable and the list grows rapidly, e.g. 
tuna, bees, pigeons, whales, dolphins, turdcs, 
and stingrays. A path of synthesis has been 
demonstrated by Lowenstam working on chi- 
ton. What has so far eluded workers is the 
manner in which the magnetite is used in a 
detection system. Kiischvink has pointed out 
that magnetite has the curious combination of 
being a strong Ter rite, which is also a good 
electrical conductor, and suggests that a pos- 
sible mechanism would be the rotation or 
panicles of magnetite to short out a nerve 
path. Recently workers at the Massachusetts 
Institute of Technology and the State Univer- 
sity of New York aL Stony book have shown 
that iron particles are in specialized cells 
around the abdomen of bees that have a 
plentiful nerve supply. Such an idem iiiea dim 
or specialized cells in an organism, which is 
known in sense die field, may bc llic begin- 
ning of the final recognition of the detectors. 

This review ol' activity of geomagnetism 
and paleomagnetism will, 1 hope, have stimu- 
lated the reader in delve deeper in the spe- 
cialized reviews, which billow. There seems 
little duiiln that the subject is alive ami well. 
The efforts nf a large number of research 
workers arc involved, and the pace of re- 
search progress is unlikely to slacken, unless 
the liccessaiy funding support is lost, lu the 
forthcoming quail rett ilium wc can look for- 
ward to better i locu mein at ion 4 if the main 
field and its history. The paleoinagiielic rec- 
ords of secular variation and reversals should 
be substantially improved and may provdu 
critical clues Lo the dynamo problem. Mean- 
while, the new pa lei 11 nagu ciism ol the pl.iie 
margius should help us (o undi-rsiaml how 
continents are fonm-il and glow. The con- 
tinuing analysis of the MAGSAT data will 
surely help us tindcrsiaiul the deep siiiitiurc 
ol die crust. Finally, there is little doubt that 
biuinagiieiism will llourislr, wc may even have 
the beginnings of an understanding of .1 new 
sense, la short, the next quadieiiniuiii prom- 
ises to be a most interesting one. with plenty 
to keep us busy. 
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Geothermal Reservoir 
Engineering 

M. A- Grant, I. G. Donaldson, and P. F. Bix- 
lejr, Academic, New York, xiii + 369 pp., 
1982. 

Reviewed by Janus W. Mercer 

The goal of the authors in writing Geother- 
mal Reservoir Engineering wa* to bring togeth- 
er all the currently available information on 
geothermal reservoir engineering published 
before late 1981. The available information 
not only includes geothermal publications but 
also related publications in the areas of petro- 
leum reservoir engineering and groundwater 
hydrology. Such a text would be a needed 
and tvorili while addition to many libraries, if 
the goat of the authors were achieved. Unfor- 
tunately, Geothermal Reservoir Engineering Tolls 
short of Us potential contribution. 

The book is divided into 10 chapters and 
three appendices, organized in a fashion simi- 
lar to the logical steps one would take in 
characterizing a geothermal field. Chapter 1 
consists of an introduction to the book and 
geothermal reservoirs in gencmt. In chapter 
2, conceptual models of geothermal fields 
and systems arc presented. An attempt is 
made lo explain complex processes in a sim- 
ple maimer. The conceptual models in chap- 
ter 2 arc quantified, in pan, in chapter 3, en- 
titled, “Simple Quantitative Models." This 
chapter provides a guod summary of lumpcd- 
para meter models. Chapter 4 is entitled "Well 
Completion and Warm-Up,” and in chapter 
5, flow testing is discussed, primarily in a 
qualitative way. No permeability calculations 
are made. A case study of a well in the 
Broad lands Geothermal Field, New Zealand, 
is presented in chapter fl. Chapters 7 and 8 
contain descriptions of several different geo- 
thermal fields in various stages of develop- 
ment. Chapters 9 and 10 contain discussions 
on field monitoring and management and 
current geothermal reservoir problems, re- 
spectively. Problems discussed include flow in 
fractured media, reinjection, and subsidence. 
The appendices contain the quantitative meat 
of the book and should probably be read be- 
fore the main body of the book. Pressure 
transient analysis is discussed in appendix I. 
whereas the equations of niaiion and slate 
are presented in appendix 2. Appendix 3 
contains steam tables, con versions, and nota- 
tions. 

Contrary to what the book title suggests, 
details on how to measure and interpret data 
from geothermal reservoirs are not present- 
ed. A more appropriate title would have been 
“Introduction to Geothermal Development 
via Case Histories.” Instead of providing a 
systematic approach to performing geother- 
mal reservoir engineering, the authors pro- 
vide a cursory, and often qualitative, intro- i 
duction to various geothermal fields. 

Through these case histories, consisting in 
large pan or New Zealand fields, the authors i 
attempt to make various points. The presen- 
tation is often difficult to Follow, and the 
points are sometimes missed. The transition i 
from topic to topic is choppy, as if cutting i 

and taping of many references was per- I 

Termed to siring together a complete chapter i 
Where equations are given, a discussion or as- 
sumptions and limitations is often lacking. i 

Therefore, the reader will have to refer to t 

the original references in order to use some < 
or the techniques presented. j 

Unfortunately, the literature reviews used i 

to make up the chapters are incomplete. Not 1 
only were important references in hydrogeol- t 


ogy and geothermal and petroleum reservoir 
engineering omitted, but no references were 
included from the related areas of aquifer 
thermal energy storage or high-level radioac- 
tive waste disposal. This latter topic is partic- 
ularly relevant to the discussions on How in 
fractured media. Many of the references in- 
cluded are difficult to obtain because they 
were published as reports by laboratories or 
government agencies, and no fewer than 12 
unpublished reports are referenced. 

A quantitative book on geothermal reser- 
voir engineering that could be used as a tool 
for both the student and practicing engineer 
would have been a valuable contribution to 
the field. Geothermal Reservoir Engineering does 
not fill tills need. The book cannot be used as 
a stand-alone tool and provides only a small 
extension to books and references that were 
previously available (notably those edited by 
Ryback and Muffler, and by Kesiin, DiPippo, 
Khalifa, ' " 1 ‘ 
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and Ryley). 


James IV. Mercer is with GtoTrans, /nr., Res- 
ton, VA 22090. 


Multiobjective Decision 
Analysis With 
Engineering and 
Business Applications 

A. Golcoechca, D. R. Hansen, and L. Duck- 
stein, John Wiley, New York, xvii + 519 pp., 
1982, $34.95. 

Reviewed by Eric Wood 

The last 15 years have witnessed the devel- 
opment of a large number of muhiobjeciive 
decision techniques. Applying these tech- 
niques to environmental, engineering, and 
business problems has become well accepted. 
Multiobjectiw Decision Analysis With Engineering 
and Business Applications attempts lo cover the 
main muhiobjeciive techniques both in their 
mathematical treatment and in their applica- 
tion to real-world problems. 

The book is divided into 12 chapters plus 
three appendices. The main portion of the 
book is represented by chapters 3-6, where 
the various approaches are identified, classi- 
fied, and reviewed. Chapter 3 covers meihods 
for generating uondoniinated solutions; 
chapter 4, continuous methods with prior 
preference articulation; chapter 5. discrete 
methods with prior preference articulation; 
and chapter 6, methods oF progressive articu- 
lation of preferences. In these four chapters, 
close to 20 techniques are discussed with over 
20 illustrative examples. This is both a 
strength and a weakness; the breadth of tech- 
niques and examples provide comprehensive 
roverage, but it is in a style too mathematical- 
ly compact for most readers. By my count, 
the presentation of the 20 techniques in 
chapters 3-6 covered 85 pages, an average of 
about 4.5 pages each; therefore, a sound ba- 
sts in linear algebra and linear programing is 
required if the reader hopes lo follow the 
material. Chapter 2.“Conccpu in Miiltiobjec- 
uve Analysts,” also assumes such a back- 
ground. 

Chapter 7, “Toward Multiobjective Stoclias- 
ttc Methods,” gives an excellent overview of 
the influence of uncertainty in muhiobjeciive 
optimization, an area sorely neglected and of 
importance to water resource planning, The 
mam techniques discussed include a probabi- 
listic tradeoff methods; formulation oT a de- 
terministic equivalent problem (a generaliza- 
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RATES PER LINE 

Posit ion t Wanted: Inn inseriinu $ 1 .7f,. aildiii.m- 
al insertions $ I .All. 

Pcritiont Available, Sendees, Supplies, Counts, 
and Announcements: tint insertion $3.5n, ad- 
ditional iiiicriiniii $2.75. 

Student Opportunists: first insertion free, aildi- 
lioitoJ insertions $ 1 . 51 ). 

I here arc nu ilKcinmi* nr commissions nn 
itasw i«l ads. Anj lypwuyle dial is nm publish- 
er » i lioue is r liargcd at general advertising 
rales, hur is published weekly uu Tuesday. Ad, 
nimi lie received in writing by Munday, I wort, 
Prior lo tin: dole iif pulalicaiiuu. 

Replies Id ads willi box i lumbers should he 
addressed lo Box _ Amci iron Crnspiiyaicul 
Unkin, 2090 Flurida Avenue, N.W.. IVashing- 
mn. Dt: arnioy. 

For more Info minion, call 800-424-2488 or 
462-0905 (local). 

POSITIONS AVAILABLE 

Oceanograph era. Auistnm Professor, tenure track 
posmuH for applicants wall recent Ph.D; and com 
jmence and interest in marine radioactivity and 

^ C ™ e ^ , ^°* COch ^ n,ll, >- Dul *“ wH indudfc de- 
velopment of research urmecu and mmn 


1 Synthetic Slreamflows (1971), M.B 
Flering and B.B. Jackson (eds.). 
Illustrations, softbound, % pp. S10 

2 Benefit-Cost Analysis for Water 
System Planning (1971), C.W. Howe 
(ed.). Illustrations, softbound, 

144 pp. $10 

3 Outdoor Recreation and Water 
Resources Planning (1974), |.L 
Knetch (ed.). Illustrations, soft- 
bound, 121 pp. $10 

4 Multiobjecifve Water Resource 
Planning (1977), D.C. Major (ed.). 
Illustrations, softbound, 81 pp. $10 

CALL: 800-424-2488 

462-6903 (local) 

WRITE: American Geophysical Union 
2000 Florida Ave., NW 
Washington, DC 20009 


lion of the standard chance constraint ap- 
proach); the “a model" approach, where the 
cumulative of objective function randum vari- 
ables appears in the constraint set; a model 
formulation for probabilistic activity coeffi- 
cients (in the constraints); and a discussion of 
stochastic, nondominated solutions. Examples 
are given in chapter 7; chapter 8 is an ex- 
tended example on land reclamation after 
strip mining. 

Two chapters were disappointing: chapter 
10 on institutional settings of water resource 
planning and cltupter 1 1 on a list of applica- 
tions to real-world problems. It apjicais to 
me dial chapter 10, while interesting unlay, 
restricts the book unnecessarily. It is of little 
use to readers outside the United Slates, ami 
the material will quickly date the book. The 
mission, scope, or responsibilities of agencies 
change often and quickly: the Council on En- 
vironmental Quality has certainly changed (in 
spirit aL least) since the manuscript was writ- 
ten. Chapter 1 1 does uot (and probably can- 
not) give credit to the vast quantity of appli- 
cations. To a large measure, the ones listed 
include those on which the authors have 
worked or with which they arc familiar. 

These chapters add nothing to the bonk. 

They could easily be eliminated. 

The one inconsistency in the book is in 
chapter 4 (section 4.3) where utility theory is 
presented. Utility theory interlocks with deci- 
sion analysis where potential outcomes are 
uncertain. When outcomes from nkcrualivi-s 
are uncertain, cxpeclcd utility Is un appro,, ri- 
atc measure by which alternatives are evaluat- 
ed. In the first six chapters, uncertainly was 
not addressed, and the correct preference 
structure For section 4.3 is miiliWlrihuic val- 
ue functions, die deterministic equivalent to 
utility functions. The extension lo utility 
functions and decision analysis Tor die pur- 
pose of evaluating alternatives with uncertain 
outcomes should appear in chapter 7 where 
stochastic methods are addressed. 

°S e rS ,1 iS? b ?° k “ an e *™lIcnL addition to 
the field. With the mix of theory, applica- 
tions, and substantia! number or problems 
following each chapter, the book cun serve us 


Groundwater Management 
Use of Numerical Models (iso, 
Y. Bachmat, J. Bredehoefi, B 
Andrews, cl al (eds.). Illusbaw 
sofibound, 135 pp. $io ^ 

Metropolitan Water Manawmem 
(1901), J.G. Mllllken and GC 
Taylor (eds.). Illuslrations, 'soft- 
bound, 192 pp. $10 

softbound, 280 pp. $18 

The Scientist and Engineer In Cnrt 
(1983), M.D. Bradley. Illustration 
softbound, 114 pp. $14 

Groundwater Hydraulics (In prea) 
J.S. Rosensheln and G.D. Bennett' 
(eds.). Illustrations, softbound, 
approximately 280 pp. 

Orders under $50 must be preprtl 
AGU members receive 30% dbaxmt 


an excellent lextbuuk for die well-prepjnd 
and advanced student. 

Eric Wood is with the Department of deUsp- 
Herring, Princeton University, Princeton, W 

0R5-N. 

Physico-Chemical 
Behaviour of 
Atmospheric Pollutants 

II. Vuimiim and It. On (Eds.), D. Reidd. 
Ilinghuiu, Muss., xvi + 672 pp., 1932, JW 

Reviewed by /*. Crttlzcn 

This Imtik rovers the prcxcediugs of lh* 
ScloikI European Symposium on ilie PHikc- 
Glicuiicul Behavior of Atmospheric PoDui- 
ams, held September 29 to October I.WL 
in Varese. Iialy. These symposia are orp- 
nizetl about every second year to courdinw 
research within the European Community 
and in Austria, Switzerland. Sweden, and to 
goslavia under a joint agreement, called 
GOST (Cooperation Seicnliliquc et Tech- 
nique). 

The hook consists of 13 articles on iht 
idem ideal inn and analysis of polluianu, M 
on chemical and photochemical reactions J- 
oil aerosols, 12 on ]milnianl cycles, and 
(ninxpon and modeling and field cxptn; 
menls ami ends with live itsclul snninus 18 
writ leu by die session chairman. 

Ii is impossible for lhe reviewer lo sun 
riisntss piiriit iilar papers. As might be op 
ed, die quality of I he repot ted resM J™“ 
very unequal. As a rough guess, I Ptw® 
dial 25% or the material presented mr 1 
useful lo American atmospheric chemist 
However, die main value of lhe “W" 
from being very readable, is lliaiii . j. 
view of a significant portion of Europe r* 
Union research. 

r. Ctutzeu is with the Chewie 
Max-Plnnck-hulilul ftur Chemie, D-oiw 
Fetleraf Republic of Germany. 



HS*? Gwuclcce/Unlver- 
m oL Rhode Island. The Gruituuic School of 
Oceanography invites apnllraiiniis fur a research 
For«jnrd.,p Marine 1 hcwiinec whose™ 

ar * .negoiiab o. Preference will be givcii i<i 
nn?nS~, r h,, £ avc dearly dcmuininucd abilities 
mm i L? -!n* bu1 , -"? 1 "“'““rily limited to (K ,Ico- 
P, u ,l- 1 ,e P ,,n,ltm a funded by contrary and 

» SSK l V,v Seurch hti ? M 

IjcuIIv rights in addition In other benefits Tin. rv. 
S2S* 1 . 1 * * <*0 is fully equipped, fu!K' 

M ESI? Ir T a,ld or t med M,WJ *”h rapid meiisurc. 

■iieiii iif kirgr numbers uf soft sedimentan sitinnles 
Auiilicaittins tirc now open fur lhe nusiiioi'i which 

■...a a / 11 "PplKaitou, rest i me, and names 
Hmi.M r ? S ” ° r 'i ,tcc profeaional rercrenc.es iu - 
W, L . Larson, Graduate SlHooI of OccanoBra-' 

n An affirmative aclkmfopal opponmiliy ™.|>lorer 


quauficaiuns. Submit resume and names and bd- 
S”™*? three references by 1 September 1983 to- 
G.-,R<hi Hath, DcJtn, Sduxtl of Oceahaerapht. o^, - 
Wn Stale I Unrt^i^iiy. Corvallis; OR fiVSl.'i - • 
An AA/EF.O Eruplojcn.- ‘ .1 


SgSBEffMatt 


Rl ^ofoalhl/Atmospherie Science/MIT 
and °i n ? lra . ,0i phcric trace gascs 

SssjsssftSSSSST 

sa^Pleise send curriculum vitae and nan es or 
emilq T ye“r. an CqU3 ‘ W'tahhyftlRrm.iive aciion 

SetrmoloriaL. The Iiuiiiitic for Pcirolcnni Re- 

Smdo£ I C )^ 0phy L ,i “ ,n H flf on * Israc L h seeking a 
SESffijP w f 3rk on Problems of earthquake Fisk 
“ P eriDd °f one year 

with possible ■ extension. Experience in staihii-ir 
m^ij at ' on °f earthquake risk is preferable but nm 
JJJJ^Iorv, The 1 nit it Lite is n ntvernmenr owned 
faqaied in a Suburb of Tel Ariv.fi is re- 
'■ iKJFs y? fqf -inMt of the Kcophyiiail work In Israel 


Iowa Slate University of Sclen t 
Department of Eartli Science^e**^* .^ 
Electron Microprobe. 

Sciences Invites applicaUaiu fora 
dale position as an electron t P l lc ™P^j 
The appointment will be a 
iwclve-iiioiillt position. Salary will be 

nance of a fully autoiuMea nucropr^ 

and EDS capabilities and 

ed laboratory facilities. Addition^ .JgSip 


nance of a fully nutoni^tcd nucropro d&PL 
and EDS capabilities and (***** 

ed laboratory facilities. Additional .JSSSSlf*’ 
instruction of research personnel l | 
cration. Ample opportunities l i. | n \tjfi4 
collaborative and independent 
the microanalysis of gcologial in i ^ 

Applicants should navo a 
or engineering field, or eguM* 
experience wllli electron (jcain yyp 3 ^ 
Persons will, a working knowledge oi n caS &*' 


experience wiu, ciecsrui j 

Persons with a working knowledge 

I analyzing t 


■- -l li-. f ‘i, 

1 1.’. •'■j 

' . — . i. i!i t 1 . 




Application deadline «yu«y -*• . ^ ‘ B pot wr, ■ 
cations will bc acrepied tHh? 

Applications should include * cW*4®L 

statement, of background 
. publications and names of at *cad . 
Applications should be sein. ^ 

, Department of . • *1 '■ 

iVlbtwt State Universe .. • • .. 

. 'TMS^ i 

• Ames, - ..—.5; 


1 Iowa State ijnlvershy hi'a" ° PP 

finhatlva aCLioh employ^ • j - i 
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.hvIwnllV of Colorado, Boulder, Geochemist Posl- 

X^ Gcoclienint with rescareli , im«rain. 

S&ebocnpes, radinaciive w>i„ r e>. :iikP»i trace rit- 
Sis being sought [or “joint upp.intim-nt m the 
SSSient of Geolugicd Srienccs ami ilie C .mper- 
Insiiiutc for Rcsearcii m Environmental Sc i- 
SBS ar University ;>j ladotud... 

one-hair time positimi within the Uc|i.imncin 
nf rawloaical Sciences is tenure- track al ilie assiMam 

«sotilic pmfc»or level wish a stuinng sal.m <d 
tt'rilOO— 515,000 for the aiadcimr year. 

, -r«rhins k»d will be half ilwi of hiil-tiinc liicol- 
» tKSS, within Cl RES will be ;» a hcffinv 
Sth appropriate office and bbm atony spate. One- 
hj|f aodcmK year salary; “d be guannik-ed by 
( IRES for mo years at ihc dqKirtmciual rate, alter 
uhkh incumbent must generate his/hci GIRLS sala- 
iv from external sources. Iiiciiuiljciit may jiwinciii 
Iihr> further bv generating tlitce inoiitiic nr slim- 
mer salary from’ commits and grains, ami cnmult- 

"^Dpliraniswilh expericnie. public mimis. and/nr 
morable existing research emriinncnl pivlcncd. 
Preferred starting date would fi c January 1. IHK-I. 
fining date for applications is October 1. 1983. 

Applications should include statement of research 
and teaching interests, experience, a full vitae, and 
four letters of reference. 

Apply to: Professor Charles Stern, Chairman. 
Geochemist Search Committee. Dcuuiiiucni ul'Gcn- 
tairal Sciences, Campus Box 250. Univci sity of 
Cokirado, Boulder. C.O 80301). 

The Unisenhv of Colorado is an equal upporni- 
Dittbffirm alive action. Section 504 employer. 

rtestdoctoral Positions in Earth Sciences. Tiie 
Earth Sciences Division of Lawrence Berkeley Labrt- 
raiory. Univeisity of California, anticipates npctiings 
for postdoctoral Research Scientists in geochemistry, 
reservoir engineering, hydrogeology, ecu physics 
and gHmiechnnics. Apjioinimcms are Tor a one-year 
rent,, and are normally renewable for a second 
jear. Currently, some 50 staff scientists within the 
division are involved in a variety of fundamental 
and applied investigations that include field, labora- 
tory, analytical, anu numerical aspects. The selected 
candidates will be working in one of the following 
project areas: geological problems in nuclear waste 
disposal, geothermal reservoir engineering, flow in 
fractured and porous media, geophysical explora- 
tion technology, toxic element or radionuclide trans- 
port and reactions, borehole geophysics nr similar 
projects. A dose working relationship exists in mans 
or me research programs with the Incully unci grad- 
uate students of the adjacent University of Califor- 
nia, Berkeley campus. A Ph.D. degree in a related 
Feld aud 0-3 years* research experience beyond the 
Ph.D. thesis are essential. Please send two copies of 
jour curriculum vitae and publication list to: Em- 
ployment Office, Lawrence Berkeley Liborauirv, 

One Cyclotron Road, Building 65. Berkeley, CA 
91720. Please specify Job# A>E!S7 in all correspon- 
dence. 

An equal opportunity employer, nt/ffli. 


LOS ALAMOS 
NATIONAL LABORATORY 

ATMOSPHERIC / 
IONOSPHERIC 
PHYSICIST 

The atmospheric sciences group of the 
Los Alamos National Laboratory is seek- 
ing a staff member to participate in re- 
search devoted to investigating the emis- 
sion and propagation of signals from nu- 
clear explosions in support of arms con- 
tra! treaties. The research activities in- 
clude modeling, experimental design, and 
nekl experiments at remote sites, it Is ex- 
pected that research results wilt be com- 
municated through published papers, re- 
ports, technical symposia, and program 
fevlew panels. 

Research competence at the PhD level In 
one or more areas ol atmospheric or iono- 
spheric science, as demonstrated by pub- 
lication In refereed Journals is required. 
™Mty to solve problems In classical elec- 
trodynamics, magneto-hydrodynamics, 
or plasma physics Is desirable. A PhD in 
Physics, astrophysics, space physics, 
P»srna physics or an equivalent combi- 
nation of education and relevant experf- 
SUP®, 8 neC0 ssary. United States Clllzen- 
wlpia required. 

"[te Laboratory, one of the nation's fore- 
ro°ai scientific research organizations, le 
operated by the University of California for 
uiB Department of Energy. Our location In 
“je mountains of northern New Mexico 
oners a pleasing life style; a pollution-free 
^?rQnment; and ample recreational ac- 
(Jr® 8, ” e of fer competitive salarlea and 
comprehensive employee benefits. 


To apply, send resume in confidence to: 
Madeline Lucas 

Q^^Admlnlstratton Division 

Los Alamos National Laboratory 
Los Alamos. NM 87545 



Iowa State University of Science and Technology, 
Department of Earth Sciences. Applications are 
inyiicil for a tenure track faculty position in Meteo- 
rokiity . Rank H at the assistant or associate professor 
l? ■■ rP n !fK? 1 u P 0n q^if'canons. The success fill 
applicant will be expected to develop a strong re- 
search and graduate student program and will teach 
undergraduate and graduate courses for meteorolo- 
gy majors. 

The position is for a person with proven expertise 
wiinin the general area of dynamic meteorology. 
Teaching will involve an undergraduate course in 
synoptic meteorology, in addition 10 courses related 
to the field or expertise. Completion of the Pli D 
prior lo appointment js strongly preferred. In addi- 
tion research ability shown bv other publications 
and/or |x»idixioraI experience wUl be nn advan- 
tage- 

. offers dc B re » >n meteorology throueh 

lhe Ph.D. The program includes about 60 under- 
graduate majurs; the gradual e/rcscarch program is 
strong and emphasizes theoretical, dynamic studies. 
I Jose relationships are established with the facilities 
anil personnel of major national laboratories. New 
campus facilities for meteorology arc currently un- 
der construction. 

The appointment is expected to begin no later 


Florida International University /Faculty Positions 
in Geology. The Earth Sciences program at Flori- 
da international University is expanding and plans 
to increase the number oi its faculty position* in ihc 
next few years, in order la complement existing in- 
structional and research strengths, the university in- 
vites applications for tenure track positions ai the 
assistant professor level in ihc following areas of 
specialisation. 

1. Siraiiaraphy/ScdimcniologY 

2. Geopnysics/Marine Geology 


3. Igneous Peirology/Gcoclieniiilry/Ecunnniic 
Geology 

Successful applicants must have demonstrated an 
ability to conduct high-quality teaching and the po- 
tential la establish a productive research program in 
their area of specialty. 


be accepted if the position is not fiHeX Fur applica- i 
non information please write lo: 

Dr. Ben E. Nordlie 
Department of Earth Sciences 
Iowa Slate University 
253 Science I 
Ames. Iowa 500 1 1 . 

Iowa State University is an equal opponunity/af- 
hrmaLivc aciion employer. 

Atmospheric Sc lence/SUNY- Albany. Tenure 
track position is available at ALmosplicric Sciences 
Research Center. The staff member is required to 
conduct research on alternate energy sources, clima- 
tology. computer modeling and air quality. The suc- 
cessful candidate is expected to develop research 
proposals and engage in conpcraiivc research with 
other staff and state -federal organisations. 

Ph.D. required and capability in two ur ilucc lan- 
guages would be mosi helpful. Send resume to: 

Dr. Raymond A. Castillo 
ASRC-ES 32-1 

State University of New York at Albany 
1400 Washington Avenue 
Albany. New York 12222 

An Equal Opportunity Employer. 

Research Sclent isl/Space Plasma Physics, Universi- 
ty of Iowa. A research position is available in the 
Department of Physics and Astronomy, The Univer- 
sity or Iowa, for theoretical and interpret alive stud 
ies of waves in space plasmas. Specific emphasis is 
on theoretical invcsiigatiuiis of w.ivc-punkle interac- 
tions in pbmctarv magnetospheres ami in the snl.ir 
wind. These investigations me to support the inter- 
pretation of (l.iin being obtained from sp.net mil 
projects such as Dynamics Explorer, hilciiitinonal 
Sun Eat th Explorer ami Voyager. T lie applic.itn 
must have a 1‘li.D. with uuml qu jlilii.. uiens in plas- 
ma physics theuiv ami sfiouri have mine cx|*c-rii-iice 
ill lhe iiiiei]irciHiion of s|utc pl.isina plivsics data. 

Send a reiinne and die names ol iliree refcrcm.cs 
familiar with ilie applicant's work lo: l)-A- (hit lieu. 
Depariincm of Pity sics and AsinMmutv.T lie L'niin- 
sity of iow.i, Iowa Caiv, Iowa 522-12. u-leplionc 3PJ- 
353-3527. 

The University of luwa is an .ifTtniiaiivc .litimi/ 
cijiiat opportunity employer. 

Geophysldsi/Unlveraity of Saskatchewan. Sub- 
jen in iin.il Uidgcs.uv jMinnal. live l k-jmhhw-iii 
( ieuhigic.il Sciences will have a new teimr-iMr posi- 
tion iu geophysics available |ulv I. 11)8-1. Applicants 
alien ilii hold, oi he abuut lo receive, the Ph.D. or 
equivalent degree. They will he expected lo teach 
undergraduate and graduate courses in geophysics 
and to build and maintain a vigorous research pro- 
gram. Excellent research opportunities exist in 
crustal and exploration seismology and in all fields 
or mining geophysics. The department, to occupy a 
new building in (US5, already has well-equipped 
geophysical and data-proccssing facilities. Appli- 
cams should send a letter outlining their teaching 
and research goals, accompanied by a foil curricu- 
lum vitnc including the names of at least three ref- 
erees, to Dr. W. CT F.. Caldwell, Head. Department 
of Geological Sciences, University of Saskatchewan, 
Saskatoon, Canada S7N l)WQ. 

Chairman — Department of Geological Sciences, 
Wright Slate University. The Department of Geo- 
logical Sciences, Invites uppiicutions for the position 
ol chairman, to be appointed September 1984. Wc 
seek a dynamic individual with adminisirative talent 
and an appreciation for research and practice-relat- 
ed educational activities. Rank is at the full profes- 
sor level and no restrictions have been placed on ar- 
eas of specialization. The department is active with 
12 Faculty and an emphasis on professional practice, 
yet maintaining a firm commitment to basic re- 

“send a letter of application, curriculum vilae and 
names of three references to: 

Chairman, Search Committee 
Department of Geological Sciences 
Wright State University 
Dayton, OH 45435. 

Wright State University is an affirmative action/ 
equal opportunity employer. Closing date for the 
position is October 31, 1983. 

Research Sciential II. The Solar-Terrestrial The- 
ory Croup at the University of New Hampshire 
seeks applications for a research scjendsi II to un- 
dertakes variety of theoretical problems on plasma 
and MHO processes in the solar atmosphere and 
the solar wind, and related energetic particle phe- 


Subject iu final approval uf funding, appulni- 
mcnis will begin in August 1983 {deadline for appli- 
cation July SO, 1083) and/or January 1 984 (deaullne 
for application Novcmbei 15, 1983). 

Send a resume, brief description of leaching and 
research interests, transcripts and ihrec letters uf 
recommendation to: 

Dr. L. Keller 

Department of rhysicai Sciences 
Florida International University 
Tamiami Trail, Miami, Florida S3 199 
Florida International University is a member of 
the Flurida State University system and an affirma- 
tive aciion/cqual opportunity employer. 


To Vo Today 

Call AGU 
at 800-424-2488 

. Order books/ jounwls 

• Request membership 
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• Register for meeting 
■ place advertisement 

in Eos 

• Change address 


Visiting Research Scientist 
Radio Emission Processes 

Applications are invited for a visiting research scientist position in 
the Department of Physics and Astronomy, The University of Iowa, 
Iowa City, Iowa. 

This position is intended to support a multidisciplinary study of 
planetary, solar and astrophysical radio emission processes funded by 
the NASA Innovative research program. Applicants must have a 
Ph.D. with a good theoretical background in basic plasma physics 
and experience in either experimental or theoretical studies of plane- 
tary, solar or astrophysical radio emissions. Our intention Is to favor 
established scientists with research experience in this area, although 
Junior scientists with an appropriate background will also be consid- 
ered. The salary will be commensurate with the experience level. The 
appointment can be for any period up to one year, with a possibility 
for extension to a second year, depending on funding constraints. 

Send curriculum vitae and a list of three references to: 

D. A. Gumett 

Department of Physics and Astronomy 
The University of Iowa 
Iowa City, Iowa 52242 
Telephone 319/353-3527. 

The University of Iowa is an affirmative action/equal opportunity 
employer. 


Applications are invited 
for 

a faculty position in 

MICROPALEONTOLOGY 

at the 

Department of Earth Sciences 
of 

ETH and University of Zurich. 


The new professor will be responsible for teaching and 
research in micropaleontology. The successful candi- 
date will have experience in precise stratigraphfeal 
work in marine and continental sediments and should 
be familiar with the application of quantitative meth- 
ods. He is expected to teach at undergraduate and 
graduate levels and to cooperate with scientists within 
and outside the universities. 


Applications with curriculum vitae and list of publica- 
tion should be.submitted before September 30, 1983, 
to the President of ETH Zurich, 

Prof. H. Ursprung 
ETH-Zentrum 
CH-8092 Zurich 


Urtivanliy, St: Louis, MO 
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D'Ajipolonii/Sciilor Groundwater HydnwrologiaL 

I> Appnlnnia l us tin iummlimc oiiciiinu in ihcir 
Pittsburgh office fur a SFNlOR GROUND WA1 KR 
HYDROGEOl-OlllST with an ailv.inccit decree in 
hydrygeologiral stir uces aml'nr cut'll icrdnif jud 
experience in li.i?arrl«His waste inujecls. Ft|icrtise hi 
report w riling anil ability In supervise liarjnliuis 
waste pn ijtcrs is imp mam; experience in field cx- 
plnnuimi l rrl mimics, pru|cci maii.ieciiicni. amt a 
(lurking kuinvJnlge ■»! hjilruliifpc simulation is re- 
quired. 

Why mil put ynm expertise lu work with ilu- en- 
ergetic people at D'Amxilunia. 

Qualitiecl individuals slim ill rcsixuul in tunli- 
dcncc to: 

Ur. A.J. Duty 


UNIVERSITY OF EAST 
ANGLIA 
Norwich 


TEMPORARY LECTURESHIP 
IN SEDIMENTARY 
GEOCHEMISTRY 


D'Anpoluiiia 
III DuIT Road 
Pimburgh, I'A 15235 


M/Ktffpidonij '* "" ^I i,hI °PP ,lr[Unit ) Employer 


Applications are Invited for this post In the School 
of Environmental Sciences. The appointment will 
be tenable for two years from as soon as possi- 
ble after 1 October 1S83. 


Visiting Position In Structural Geology /Tectonics: 
University of Michigan. The Department or Geo- 
logical Sciences invites applications for a one- or 


Applicants should have postgraduate experience 
In some aspect ol sedimentary geochemistry and 
be able to make a major contribution to teaching 
of Die undergraduate courea En Geochemistry. 


tuo-year visiting position at faculty rank, to begin 
September I, I0S3. nr m die latest. January I, TOW. 
A PhD is required and research interest* in Stmt* 

fun! fii'iifnirv nr TAimnsr. ■l.miLl n 


Hirst Geology or Tectonics should match it true of 
current faculty tPnjfcssurs T. Lav. H.N. Pollack, 


Initial salary la expected to be within the range 
C7190-E8975 p.a. on the scale E71S0-E14126 
p.a. plus USS beneflta. 


I-J. Rulf, R. Van Her Vno, and U.V. Wiltschkn). 
Teaching responsibilities will be, on average, one 
course per semester; a strut tural geology- cuursc fur 
undeTgrailuaLe tuntenirulurs is among these and Is 
Jjjfrred in the winter sciticHcr- Minimuin snbry of 


S22,00D/ac:iclenii( year or higher depending on 
experience. Interested persons ilmuld send a resu- 


me, names id three persons from whuni the depart- 
ment may request letters «f rccniumetidaiiun, and u 
lincf italcnivm of research interests tu Rnh Van dcr 


Von, Chairman. Department of (iiulogiul Sciences. 
■ nno C.C. f.itlle building, Ann Aibnr, MI -18109. 

*1 tin iniivl, i-LII .-I...- .1 A I.... l: 


T he search will clme August 10. Imt later applica- 
tions will lie considered. 

T tic University cil Michigan It a iitui-distriiiiina- 
luiy, alfit illative auiun employer. 


Applloatlona (threa copies) giving full particu- 
lars of aga, quallfloatlona and experience, to- 
gether with the namee and addresses of three 
persons to whom reference may be made, 
should be lodged with the Establishment Offi- 
cer, Unlverelty of Eaet Anglia, Norwich, NR4 
7TJ, Great Britain (telephone 0603 68181 ext 
21 28 ) from whom further partioulara may be 
obtained, not later than 3f August 1063. No 
forma of application are Issued. 


Research Seismologist, The University of Cjlifur- 
nil (Niiil, i I Iriui k;u tli .Sc iences tlixird is suliiitinu 
•tjipliciiiimra fur djirtilcssinnal research scries ixm- 
•jun in tilt; sfisiuufugy prciur.im di the C.F. Rirntcr 
Scisninlogicai Ijboraiqi y. Expertise is smiglii in nlj- 
sercaiiunul as well as in ilieurciic,d seisiunluuy, Can- 


diitues should luivc interest ;ind exucricilcciii j" 

In aid range id subjecix, including clastic wave prop- 

Modern n ai-nili/irir imiimjuiv.ui. .1 5. fj 


agriliOfi. nntliCEic scUmograiiis, and the uiulogy and 
seLsinulectoiiH s uf the western Uniie<| Slates. Slcxi- 
c S , .S^ l,lra l Aliu-iica. Jind Caribbean areas, Rcspun- 
silnltlici uf tilt- sucris>tul applicant will unhide dc- 
slgtung and mi mis icing research in totcnm*. scis- 
niHity, seismic liariids. and xltung giuuiul iimiKin 
analysis and prctlklixii in lathi Ameiii.a. A Pli.U. in 
geophysics or sciimulogv plus experience in rc- 
«.in li and teaching graduate and umlc-rgiailuaie 
cuursestn settinoljgv .lie u-qitireil. Inic-resied iwr- 
sons sliintlcl solid a ilciailcd rt-siiuic, iugeihcr with 
names cd rclcrc-mcs l«: f’mlcssui Karen C. 

McNalh . Cli. ulcs F. RicIiici Si-iiinulugiidl Jalxira- 
jJ^Unhcr-'ity uf Calil'cu nia, Santa U»i 7 , California 

Diiiscrsiiv «f California at Sant a Giua is an equal 
□p|wruiiiitv'jlFirinaiiic nciimi i-iiipbnei. 


The University of Miasouri-Columblo/Faculty 
Positions. 1119 University of Missouri-Columbia 
DepaitmeiiL nf (jeolugv plans immediate expansion 
through the addition uf three tenure-track faculty 
positions. Appointments arc anticipated at die assist- 
ant professor Icicl. although higher ranks ntav be 
possible, beginning in August uf 1984. Candidates 
will be expected to have completed requirements 
for the Ph.D. degree by tliui time. Faculty members 
are required tn provide quulilv instruction at both 
undergraduate and graduate levels, and conduct rc- 
searchleadiiia loscholnrly publications. Successful 
caiHii nates will be chosen from the fed lowing spccial- 


Kxplntaiirui Geophysics 
Solid-karih Geophvsics 
Flydi ngculouv 

Analytical Struct uralGcoIngy 
Uastic .Sediiiiciiiology 

Applicams slnuild scud resume, transcripts, and 
names and addresses of three references to: 

Tom Freeman. Chairman 
Department of Geology 
University ol Missouri 
tijlumbia, MU ti.iS] I. 


Membership 

Applications 

Received 


Associate Member 


John G. Cans (V). William C. James (H), 
Don Muths (T), Rein Tirnil (T). 


Applications for membership have been re- 
ceived from the following individuals. The 
leuer after the name denotes the proposed 
primary section affiliation; the letter A dc- 
noies the Atmospheric Sciences section, 
which was formerly the Meteorology section. 


Public Affairs 
Committee Actions 


Regular Member 


Greichen E. Anderson (V), Michael Aud- 
ley-Cltarles (T), Ognjen Bonacci(H), W.J. 
Bond (H), Vie Ming Chen (O). Hong-Yee 
Chiu (SS), Sung Kwun Chough (O). Hendrik 
J. Coletibrancler (Hi. Kevin D. Crowley (T), 
Carol A. Dickerson (H), Bruce Douglas (T), 
E. M. Dttn-ance |H), Daniel Hubert. Jack C. 
Hwang (II). Pratt H. Johnson (p), Robert G. 
Knollenlierg (A). Paul M. Knlor (A), David J. 
Lamli (S), Sydney Leviuis (O), Jean C. Lewis. 
Roger Lukas (O). James V. Lynch (S). Jayne 
E. May (H). Multi J. Melaiicn (H). Anthony 
R. MotaLic (H), Hiroshi Mori (T). M. A. Nay- 
lor (T), Mitiyastt Oluiaka (S), Ctiiizhong Qi 
(CiP). Asliok Kumar Kastogi (I I), Hirnki Sato 
(T).J. I). Stoner (II), David A. Su mesi nun 
(H). Kenneth H. Turner ( I ), Frans H. M. 
Van Dc Veil <H), Mar B uret D. Wilson (SM). 


Studeiii Member 


David T. Allium, Wiiuiirrcd An (O). Phyllis 
Zych Hitelka (P). William Corsn (1‘). [onathan 
M. Cutler (T), Donald IL Dlngwcll (V|. Brian 
M. Dodd (S), Juntos J. Dow (II), Gregory Lee 
Huger (S), Jurgen Carbreiht (H), [jirry J. 
Granroth (SM), Scot M. Chaves (V). Ronald 
C Gmslt (A), Jong Han (S), Ann P. Harca 
(T), Charles E. Hey wood (T), Robert V. 
Hilnter (SM), Kathleen Hogan (H), Eric S. 
Jdlmson (O), Peter J. Kcllv (0), Irwin S. 

Kr insky (SS), Marlon R. Lewis (O), Mark 
Mandt (SM), Philip Murrisey (H). Mike New- 
ell urch (A), Vicente Nogueira (H), R.M.D. 
Rathnayake (H), Waller A Robinson (A), Au- 
drey Shipley (H). John R. Smith (V). Kenneth 

U Cm a... 4 p 1 Pk I at . .A 1 — 


R. Snow <S), Stephen R. Sul ton (P), Carlos E. 
Tamayo-Lara (H), Chiiig-Pi Wang (T). Peter 
M* Wohlgeradth (H), Uncy Yau (V), Nancy 1 
K- Zeller (O), -F. Ramon Zuniga (S). 


The AGU Public AITairs Commiuee will 
create an ad hoc committee to consider passi- 
ble AGU position statements concerning ihe 
effects of nuclear war. 

The action was taken at the May 31. 1983. 
meeting of the Commiuee at the AGU Spring 
Meeting in Baltimore. Present were Carroll 
Ann Hodges, Chairman, and members 
Thomas J. Ahrens, David CaufTinan. Jared 
Cohon, Slainaiios Krimigis, Robert Murphy, 
Raymond Rable, and George Shaw. Also at- 
tending were the cm rent Congressional Fel- 
low Arthur Weissman and SPR-Cosinic Rays 
Section Secretary Miriam Forman. 

Most of the Committee's all-afternoon 
meeting Torused on the issue of nuclear arms 
limitation. The question, brought up by Mir- 
tant Forman, was whether the Commiuee 
should ask the AGU Council to name a panel 
of experts to draft nil AGU jw&iiion state- 
ment, after the fashion of the recent Ameri- 
can Physical Society resolution. The Commit- 
tee agreed that, operating under the Union’s 
pohey on advocacy (see box), AGU has a valid 
scientific basis for commenting on the effects 
ol nuclear war but that options other than a 
published general resolution should be con- 
sidered. Before iccninitieiiding action to 
Council, the Commiuee decided to designate 
an ad hoc committee lo consider all possible 
options Tor an effective AGU contribution Lo 
this ongoing debate. 

The committee nlso considered topics for 
public-issues symposia at future national 
AGU meetings. It concluded that the time 
seemed right for consideration of a scientific 
session on die geophysical and geochemical 
effects of nuclear war. Thomas Ahrens and 
Joseph Smith were designated as coconvenors 
Hnd asked to make a proposal to the Fall 
. Meeting Chairman. 

issued Committee covered the Following' 


UNIVERSITY OF ARIZONA 


The Department of Hydrology and Water Resources 
Invites applications for a faculty position In water re- 
sources with emphasis on water policy and econom- 
ics. Candidates must have academic training and/or 
professional experience In water resources and pref- 
erably In water quality policy and planning Appoint- 
ment will be at the level of an assistant or associate 
professor. 


Interested individuals should obtain further Informa- 
tion from: 


Dr. Daniel D. Evans, Chairman, 

Search Committee, 

Department of Hydrology and Water Resources 
University of Arizona 
Tucson, Arizona 85721 
(602) 621-3131. 


The University of Arizona Is an affirmative actlon/equal 
opportunity employer. 


Department of Geology/The University of Alberta. 

Applications are invited for twu tenure Hack iimi- 
tions beginning J i iK l, 1084. Due n\ tlic U'.Miium 


uons beginning Jills l, 1984. One oft he pnsiiions 
can be at the Associate Fro lessor level, the other is 
al the Assistant Professor rank. Gandidaics ate ex- 


pected id carry out vigorous research piu^Mms. hi- 
pervise M.Sc. and Ph.D. students and lu i«h li un- 


cling ul ,i(|iicims m stems and an interest in ibety 
jilic.ii is in of these techniques to geological pnlic. 
iUrtnnM/Air I'fhoiu^t 

E*uTc-iciiu’ will lie given in applicants will a 
strung ilieiuelu.il >i;ii kglnuial whose rfseanlinin- 
esis ,iie uiiii|i.nili]i- ivjili existing icseardiwtnfllt' 


dergraduate and graduate courses in his nr her spe- 
cialty. A Ph.D. is required. 

Current 1 2-muni li salary scale: Assistant Proles- 
sor 529.720— $4 1 ,820/Assaciatc Professur $37,120— 
$53,658. 


esis aie tniu|>.nili]i- iviili existing lestirdiiiimph' 
in peirulugv. niiiieralugv, ore deposits and ge> 
rlii-muii t. 

Shaft mill (jVu/uo 

Pieiemiic will Im- given to Hp|4iiStiUhh(>iK-u’ 
i/e in the sirncmie ol inenmini phic rucks. «•» 


SlftUigmphy 

Preference will lie given iu applicants wlm have 
demonstrated skill in developing new approaches m 
Stratigraphy. Applicants should lie willing In devel- 
op interactive piugi-uns with ilic peiiuleuiii indus- 
try or government uigaiiiruiinns. 

.... AND ONE OF THE FOLLOWING: 

Low 7 rmfh’nUurr (,rofliriniih\ 

Preference will lx- given in applicHiils with a 
strong theoretical lxickgioimd in ihe cliemkal iiiinI- 


interesi in icgimial analysis ;nul amictlumo. 
Inieresicd ainilicanls slmuld subniii a rum 


Iiiicresiod applicanls slmiilil suhniii a rupi |- - 
piihlii.il hiiis. piopusi-d researcli, ami lurarurdii 
ilresxex <■] ilme lelerees ici Hi NAV. Runet, Uua 
man, I )e|Mi lutein ui (,e< ■l'<gv, Unheninof .Vkiu 
Kdnicminti. Alheil.i. Canad.i I lit! 2K3. f‘k«Qj Ji- 
lui applKaiimis isj.miiaiv IL I ilH-l. 

Ihe Uniseisih ul Allieit.i han cqtulopponw* 
einplovei Inn. in aunidame with ( Canadian irnffi-- 
griiimi i tt|uii t'liu-ins, pi ini ill will heghcni*<-** 
ui.iii citi/enx and peimaneni resit Icms of CaiuJi 



Advocacy and AGU 


In May 1982 ihr A(iV Council nfifnmvit 
(he fallowing polity on the Unitnt's role in ml- 


si imt lil guide the Ainei ican Gcophrsml 
Uiiimt's mlc as ;m advoaiic: 


vucacy on fiublit issues: 


The American Gcopliysiml Utiioti is an 
association oTsdeiulMs. sriuihtrs, and in- 
terested lay public, for the purpose ul ad- 
vancing geophysical science. The Union 
shares a collateral sense of responsibility 
to assure dial die results iff geophysical 
research are made available lo heuciii all 
mankind. The Union encourages its mem- 
bers to exer C is e their individual sense of 
responsibility in addressing political and 
social issues. Should they choose to act col- 
lectively on such issues, oilier organiza- 
tional fur a exist for such purposes. The 
American Geophysical Union, as a society, 
should preserve its unique position as an 
objecuve source of analysis and commen- 
taj 7 for the full spectrum of geophysical 
science. Accordingly, the following policies 


• 1 lie American Geophysical Union has 
a responsibility in its members to adopi a 
position of advocacy on geophysW®. 
encr issues bused on their iniriiKic ittetw 
and needs. 

• To the extent l Inn the imdcrsUirffS 

and application of geophysical science^ 
relevant m pit 1)1 if jmliiy. AGU. as a 
s|H)itsil)]e Mieiililic association, a 

make relevam inlbmiadnn available w 
parties iutenuted in ihe issue. 

• Ash scientific society AGU should jotf 

take or advocate public positions onjii y 
menial issues dial extend beyond we 
range of available geophysical da« 
ognized norms of legilimaie . 

hate. Public |K»itkins adopted by a 
and statemcnls issued on ils bri ,alJ _ 

he based on sound scientific: issues 
should reflect the interests of ihe Ujw 
as a whole. 1 


. * • . 



• The Committee voted to recommend to 
Council tliat the Congressional Fellows Pro* : ; - 
gram be coriMniied f6r 1984-1985 1 This pr 6- i 


posal was subsequently approved by Council 

f“” g - The . ni,n,ber of applicants for 
1983-84 was up substantially from previous 
yean and ije calibre of candidates was high. 
£? ““ ‘9S3-IM4 Congressional Fellow is 

iv nrl( °T’ a . ° gist from the Utiiversi- 
ty of Maryjand He has just completed his 
Ph.D. in Civil Engineering. 

*T!: C , E0J new * writer has established valtt- 
Sf, ? A ? °“ C ?P'‘ o1 Hi,[ and '» rele- 
!Sl n” age . ncics and 18 getting increas- 

S,rk T? UainiCt i wiUl l,le information 

T y C COniMlltlec 13 closely watching 
the expanding government coverage 
• An updated AGU Guide to Legislative 
Information was reviewed favorably and mi- 

te^'A snmm Were r , «?8« t ed- b y d.e y cornel- 
iwnln FAC 0 :: lhls docu me.it will appear 
nl^.PHnf' wassuggested.ibatthe com- 
plete document be published In Eos, perhaos 
with biannual membership directory iMI 

member Wishuig to receive a copy nuiy obtain 
, one ^ writ, ng toAOU Tieadohi&s. 

.• The^ciencefPolicy CoUege-Seriiinar Wl« 


planning. About a dozen AGl n ,e -gj 
eluding former fellows, have been ^ 
as participants. The committee w 
ing additional participants throng* 1 - ; 

ing in Eos. . r^^idenuia' 

• The AGU Contact List ol 
which is a list of AQU. members 
agreed to -talk to the press on 
and have been approved by 


been approved by j^er • 

cers, is on file at headquarters- 
ested in being on this list ° r 8* 
tion from it should write, to AGU 

^• AGU public affairs acii v iu« M^, ■ 
supported for several. yeara oy - wnJ*'- 
dales of Denver. RliD'a.funcUOTt 
been taken 1 over hy the hepdqu ^ 
part of this change, the Subconjm . 

Public Informatioh, which wa* . 








oeen iHKen ovcr ujr iMon- . 

part of this change. Hie .S^SKS : 

Public Information, w^ch was 

AGU meinbere iti ihe.Qenverarw, 

placet) by'jj local \Vashingf° n > 

Comments on the publtc 
and questions of concern t 
should be 'addressed lo.chairrn . . > - 
the AGU headquarters address. 
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1983 James B. Macelwane Awards 











William L. 
Chameides 

Citotm 

his with great pleasure that I pm forward, 
as one of the winners of the 1983 Macelwane 
awards, Dr. William Chameides. Dr. Clia- 
meides, Associate Professor of Geophysical 
Sdencesat ihe Georgia Institute of Technolo- 
gy, has made several significant contributions 
io ihe area of aunospheric chemistry: his doc- 
toral dissertation on the photochemistry of 
tropospheric ozone remains today, 10 years 
later, an area of intense scientific investiga- 
tion; his work on the chemistry of light n it ig 
has altered our understanding of the atmo- 
spheric Nitrogen cycle, ttnd his most recent 
groundbreaking research on the impact ««[ 
photochemistry upon the aqueous phase has 
already revolutionized our lunlcrstamling iff 
the chemistry of clouds. 

Dr. Chameides began Isis professional ca- 
reer in atmospheric sciences under the ilirec- 
lien of Professor James G. G. Walker, then at 
)a!c. Not unlike many highly regarded iiicli- 
tiduals in this aggressive age uf science, Bill's 
'cry first publication was a major one dealing 
h nh 'A Photochemical Theory ul Tiupo- 
tpheric Ozone,' Previous to Lite CJiHinckles 
2nd Walker work, the thinking generally belt! 

ihe atmospheric sciences community was 
wt ozone in the troposphere was predumi- 
juiely produced in the stratosphere and only 
{Her mixed down into the troposphere. Once 
m the iroposplterc. it was considered clicini- 
u . inert and thus was ibouglit to he re- 
W> v ed from the lower aunusplierc by tleposi- 
,? l l al l ^ e earth's surface. Chameides and 
Uker were the first to propose a qiiaiiiitn- 
\ e m °del which predicted that pliuloclieuii- 
rj i production and destruction could have a 
controlling inlluencc on die iruposplteric 
one buc, gci. The hy])otltesis put forward 
|?p ra ‘f d intense debate atnong scientists in 
“« netd a debate which continues even to- 
)■ And though positions arc still changing, 
aer t! lVC P ,a y ers involved in (his debate 
pee that the contribution of photochemistry 
ozone budget can no 
^ be ignored. S 

.. h * e F orls i° atmospheric science, liowev- 
l . n ' ,0 * vec i {ar more than bis majur 
,»l . UUon 10 ou r understanding of tropo- 
g ne ozone. Papers published in 1977, 
fj.rr.' n ° a 8?in in 1981 related to a totally 
i], e |5 ni . ,0 P ic: the influence of lightning on 
The CuT , c ^ m P°shion of the ntmospliere. 
bn, „ * 1 ! a . 1 *'8huiing might produce signif- 
«M)i a n llanUlles al mospberic trace gases is 
LWjj- *: w one - ,n feet, as early as 1870 von 
rant S£2°!F d tl,al !i ghuting was a signifi- 
atmospheric NO x . 

based n» 8 esi imates, however, were 
1977 pi, Ver l < l u alilaLi v e information. In 
ihr fir-. ani f l f es an d coworkers developed 


of his most significant recent accomplish- 
ments has involved a study encompassing 
both the fields oF physical meteorology and 
atmospheric chemistry, in what is now labeled 
“cloud chemistry ." Historically, attempts to 
model litis complex system have been relegat- 
ed to treating the chemistries iu the gas and 
aqueous phases indtpendendy. or at best, as 
weakly interacting. Chameides and his co- 
worker Dr. Douglas D. Davis have now pro- 
posed it new mechanism, one which appears 
to represent a critical new pathway in the 
evolution of cloud chemistry. 

This new hypothesis reflects the idea that 
one or the major chemical driving forces 
within clouds could be the gas phase photo- 
chemical production, and subsequent hydro- 
meteor scavenging of the free radical species 
OH and HOa. This new, free-radical chemis- 
try not only allows for the oxidation mecha- 
nisms operating within hydrometcors to be 
driven faster, but it also permits the genera- 
tion of numerous new species within the 
aqueous phase, some of which can he re- 
turned to the gas phase through cloud cy- 
cling processes. Without a doubt, the Cha- 
nieides and Davis gas pliase/heterogeiicous/ 
aqueous phase cloud model lias precipitated a 
major rethinking of cloud chemistry. 

I believe lhat Bill’s very major contribution 
to this latest effort on cloud chemistry model- 
ing testifies well Tor the creative intellect |xis- 
sessed by this still blossoming young scientist. 
His native ability in selecting productive new 
research problems is a continual source of 
amazement and excitement for those individ- 
uals that interact with him. Equally impor- 
tant, though, has been his steady stream uf 
innovative ideas Tor systematically attacking 
these new research problems. Bill's published 
work has had its greatest impact in global at- 
mospheric chemistry. However, his contribu- 
tions lo the related helds of air pullutiun 
chemistry, marine chemistry, and plancinry 
aimnsphcric chemistry have also received 
high acclaim from reseaicheis within ihese 
fields. I have every reason w believe that, giv- 
en Bill's creative disposition, he will contimie 
lo perform in a research leadership rule in 
many iff those fields fur mam years in come. 


C. S. Kiang 


Acceptance 


ft 1 *' 
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thai permitted a quantitative 
gases th a ? ° r i l, 1 le amount of NO plus other 

tlitl Ksirofep°'rf-* Je pr ? duced in * sin 8 le iJ 8 hl - 
firinpfi i„ C -‘ ^ , lls n,ode I has now been con- 

'he lahni- J lmu aLed '‘Stoning experiments in 
■tapoE^ Mu . c h work still remains in cx- 
Juhs to ^ single stroke modeling re- 
hy Cb !lm- i/ lo “ al at reiosphere, but the effort 
a W!l CS , ar J d workers in this field is 
futiher cd as a major development. As 
iftided ni,„ C11C 5 ?f dl ‘ s > Chameides lias ex- 
m(Kj e | tQ y ot the basic findings from this 
Two 0 f i h< . ,er Un ique atmospheric problems, 
c beniical i_™ ore "°tewordty ones are: the 
pHcres nr v« Cl ^ghtning on the atmos- 
Station nufU? 1 ai ? d Mnn; and, the lightning 
Ptcbiologirai ‘ ^ bon a,ld nitrogen in the • 
Bill atmosphere. ' 

! Urc s inin si!?, had L su 5 Cessrul research ven- 

? 8 studies inu^i i ^ r , ic/lro P os P ,ieric mod eF ! 
^° n spede« 9 j V n 8 ^ a i°gens and hydrocar- : 
Judies on ,h« Int0 auc ^ d ‘ v erte Lopics as 
^mistrie* n r ai ^; oa phei ic budgets and . 

°f sulfur and iodine. Clearly, One 


1 am nut sure which was the great ci shuck 
fut me when I first heard of the plans fot to- 
night's awards ceremony: the fact that I 
would be one of the Macelwane Award recip- 
ients, ul lli.il 1 Would be cx[Rcl» il lu we.it a 
tuxedo. But, as \ou can see. Iteiv 1 .ml. in im 
tux. so I guess small miracles teallv du hap- 
pen. 

Throughout mv career in the earth sci- 
ences I have had the good fortune to be asso- 
ciated with highly talented individuals. These 
include Jim Walker, my thesis advisor; Alidv 
Nagy, Ralph Cicerone. Shaw Liu. and Doit 
Stcdman. who I worked with while a post-dor 
at the University of Michigan; Alex Green, 
my associate at the University of Florida; and. 
of course, my very good friends and col- 
leagues C. S. Kiaug and Doug Davis, who 
have created the kind of stimulating and 
challenging environ incut at Georgia Tech 
where any scientist would Hourisli. Without 
their help and collaboration il would never 
have been possible for me to be before you 
tonight, and, so, in accepting this award I 
must also accept it in the names of these oth- 
er individuals as well. 

However, there is an even larger group of 
people with whom I must share this award: 
the community of scientists studying atmo- 
spheric chemistry. While I have often heard 
the refrain, "Atmospheric chemistry is a sci- 
ence in its infancy," the field is really not a 
new one. Famous chemists from the 1 8lh and 
1 9th centuries such as Priestley, Lavoisier. 
Cavendish, and Arrhenius all studied the at- 
mosphere. Yet. because the atmosphere was 
not their primary research interest, atmo- 
spheric chemistry was never recognized as a 
scientific discipline in its own right. It has 
only been in the last 10-20 years that a com- 
munity of scientists has banded together and 
dedicated itself to understanding the chemis- 
try of the atmosphere. The results have been 
remarkable. We have learned nf biogeochem- 
ical cycles and of the central role Tree radical 
species play in these cycles, We hive also 
learned lhat these cycles can |je perturbed by 
the chemicals our technological society re- 
leases into the environment. There is no 
doubt in my mind that my receiving this • 
award tonight is in large measure a result of 
die great. progress this community has made 
in the past decade. Thai;! have been able «n 
my own small way to have taken pah. in this 
scientific adventure Is a greaL source of pride 
and satisfaction for me. and the award to- 
night makes It all the more meaningful. ■' 

. ; ' , William L- Chameides 


,t ■ ... 




Donald J. DePaolo 

Citation 

We In iiuir Dun DePaolo with the Mtncl- 
wanc Award for several key cuiilrilmiiiuis to 
the earth stiem.es. While u graduate student 
at Galterh Dim recognized that the study of 
an isotopic pareiii-daiigliier pair having the 
same volatility and the same liusi pluses 
could eliminate malty iff the ambiguities that 
had plagued previous attempts tn apply isoto- 
pic data to the siudv of mantle irservniis and 
that the M, Snt- H:, Nd system was such a geo- 
chemically coherent pair. 

Following Gut i let' Luginnii 's pioneering 
work on meteorites, Dun was one ul the lust 
to work out laboratory techniques fur the 
study uf Sin and Nd; these ici luiiqiies ami 
the higli-precisiuii mass spectrmileteix uf the 
Wasscrhiug lab allowed Dun and Jem tu 
demonstrate in several kev papeis that theie 
were at least two major mantle reset voirs and 
to examine earth stiiictural models dial i.uuld 
account lor the observations. Dmi ouiiiimes 
to cumribine new ideas m this area; fin ex- 
ample. in a paper in press hr discusses the 
use of |7 Tji- , ' , 'III results to plate ronsn.iims 
mi the ran- ol i tttstal lending. 

In addition in his l.ifinrmnrv and niodc-l- 
builditig skills Don is an ext client pen ologist 
and field geologist. He wun the Caltech prize 
for lield geology as a graduate student, and 
hr mu hr* lield w<n|oi>x and petmlngv at 
li I \. IU leceinb jil.nnl a iti.ij' >t t»le in re- 
vising inti iiiulei graduate peimlogv ttiniai- 
luni. 

Don came tu UCLA in 1978. and within 
two years had established a laboratory tliat 
could vield precision isotopic ratios and low 
elemental blank levels that were equal to the 
best being achieved elsewhere in the world. 

He attracted a large number of our best 
graduate students, and the mass spectrometei 
began operating around the clock. Lang 
Fanner just became the first persun lo get a 
Ph.D. with Dun. The Fa rmer-De Paolo study 
of the gt unites uf the Western U.S. is a tour 
tie farce using chemical, isotupic, geological, 
and geophysical evidence to evaluate a major 
regional problem. This study especially re- 
flects the fact that Don’s broad viewpoint tar- 
ries over into all his research. 

Don is already recognized lor innovative 
leadership in the earth sciences. One of the 
most stimulating discussion sections at the 
1981 Airlie House symposium on early crustal 
genesis was that led by Don and Frank Rich- 
ter. 

I speak for many of Don’s friends and col- 
leagues when L say that we are most grateful 
that he was chosen for the Macelwane Award, 
and we look forward with pleasure to the 
many important insights he will produce dur- 
ing the coming decades. 

John T. Wasson 

Acceptance ! 

It is a great pleasure for me to receive the 
J. B. Macelwane Award. ! would like la ex- 
press sincere gratitude to my colleagues at 
UCLA, who nominated me, to the award • 
committee, and to all of the members of the 
AGU for this honor. 

. , Fur an experimentalist, and perhaps in 
• particular for an Isotope geochemist, il goes 
without saying llint all research accomplish- 
ments represent the efforts nf many people, 
either directly or indirectly. To cover my 
. ;debls adequately would take more of your . 

time Ihkn L am free to command, but 1 wish. . 

; , to name a few al least, while apologizing for 
' the many Jeff immentioned. Perhaps tny 
: . greatest debt is to Cnliecli Fur an experience 
: as r graduate student that awakened in nle 

' the desire io try lo understand geologic pro- 
V cesses in is quantitative way, and at tlie sanlc 
; : time provided me with the bprxfnunily to ac- 
quire the' fools thfif are needed. ' 1 

• At CaliAcli. mv love nf. earth science was. ; 

' reconciled yfti h my fetishes -about well-de- 
•: fined problepiB and quantitative approaches. 

.' My interactions tvtlii Hugh -Taylor, and, of " 
V: course. ^ jerry ; Watorbgrg were pat Bein' 


Inrly sigiiifiram. Jerry's ability tu separate the 
scientific wheat from the chuff, bus been a 
strung influence in shaping my research. In n 
mure specific vein, I owe* my interest in gra- 
nitic rocks in Mini libeling courses and field 
mapping trips to Baja California with Lee Sil- 
ver, wheit, uniting other tilings. I learned to 
appreciate the “rabbi i in the inonn.” Dos 
t.quis, agave, sweet bread, and poverty. 

Upon leaving Caltech lot LJCL.A my main 
problem was one tliat involved a lew iiim- 
ilreii kiludullat s. f am extremely grateful to 
Glarenrc Hall, Harold Ticliu, and others al 
UCLA, who managed io wrangle Tor me an 
unprecedented amount of support in allow 
construction uf a mass spectrometry labora- 
tory, ami to my colleagues u( the National 
Science Foundation , who were willing to 
place a large bet on a unproven horse. 

My work at UCLA has been facilitated by 
exceptionally capable support oil all fronts, 
and a stimulating group of graduate students. 
The biggest single factor in the success of the 
lalioratorv operation is uiy exceptionally care- 
ful, cuupuRiLivc. and capable technician. Turn 
Owens, who has bandied so many aspects of 
the lab operation so well that 1 would be em- 
barrassed to mention them all. 

Finally, 1 would like In use ibis opportunity 
to publicly thank those who have unselfishly 
helped me and my students by providing 
samples fur isotopic studies, as well ils ihcir 
time ttnd knowledge, especially Ron Kistler. 
Carl Hedge, and Fred Barker ol the USt'.S, 
Sin MiQilliim, and Linda Kaedcke of the 
University oT Washington, and Tuny Morse 
uf the University of Massai linscus. 

The teseaich 1 do tail lie described as the 
application id lieavv isotope taiiii vat iaiiuns, 
piiiiliueil by the decay of natiit.illy ou'iirring 
radii active nuclides, in geologii.il piohleiiix 
of various types. This held lias experienced 
substantial growth ill lctcni years, laigc-ly as it 
result of the efforts iff people like Jetty \\\ix- 
scihmg. Ul.iude AlLegre. Miiximobii Tutsii- 
mote i, Gunther Lugmuir. and otlu-is. My 
work has Inflowcd iu a nniuiul way In mi 
theirs, ,uul tm presence here is a tribute to 
them. 

lu closing, i would again like to thank all 
those whu have helped me along and en- 
riched mv life in the jiroress. lo par.iplnase 
the kind, bin prodding, winds ul mv mcnmi: 
1 am pleased to be Afiir'ed and pioinisc I will 
not mint. 


Llnu.ild |. LicTai.ilu 



Thomas H. Jordan 

Citation 

Tom Jordan lias made a fundamental con- 
tribution to our understanding of the gran- 
dest -scale problems of the earth's tectonics by 
stimulating our consciousness about die deep- 
er parlor continents. He lias stimulated not 
only seismulogisis and other geophysicists but 
also geochemists by introducing the idea of 
the continental iccimphere. 

This idea, nf which the origin can lie traced 
tn his Ph.D. thesis, has given it unity lo lm 
impressive body of work accomplished over 
the past decade employing a variety uf ap- 
proaches ranging from mnihenialtcal to geo- 
chemical. It is rare that a set enlist at such an 
early stage of his career conceives an original 
working hypothesis which then keeps him 
productive, diversified, and developing cun- 
sisienth- over a decade, 

His Ph.D. diesis work, supervised by Don 
Anderson at the California Institute uf Tech* 
nology, made al jeasl three important contri- 
butions io geophysics. First, he cunstructcd 
ari'eaTih model called '*81,*' which was used 
as' a reference niudel for various purposes. 
Second, he Was the first ui apply the uoiv 
widely used sLurhastic inverse method IQ a 
geophysical problem. 'Arid third, he estab- 
lished the so-called .baseli lie problem-— th»i, fa. , 

the discrepancy' betwepri free-oscilla)ion data 
ail'd travel-lime data — which left him to postil- 
late; a difference in deep structure between 
continents and : btams,- \ ( - 

, ;■ , >•', ■ ' ; AQU ' (cont. dn p,-f90)\ 
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Among the numerous iinjwriani contribu- 
tion! that folio wed his thesis work and cov- 
ered a broad area of geophysics and geo- 
chemistry, two seismology papers impressed 
me most. One described the discovery (made 
jointly with his student. Smart Sipkin) uf a 
systematic variation in differential ScS times 
Tor various tectonic regions, from old Conti- 
nciits to young oceans. Tutu attributed this 
variation to the di (Terence in deep stmrtiire 
between shield and ocean, although his inter- 
pretation wits later questioned by other seis- 
mologists, including his mentor Don Ander- 
son. The oilier work is a theoretical paper on 
the free oscillation periods for a laterally het- 
erogeneous earth. He showed that the center 
period of a peak of multiple! split hy lateral 
heterogeneity can be simply rein ted to the 
mean phase velocity of die great circle path 
passing through the source and receiver. He 
further proposed a practical procedure for 
estimating lateral variations from observed 
rfco-oscillation data, and made a first such at- 
tempt jointly with another student, Paul Sil- 
ver. 

Sometimes the stereotyped seismologist 
with his preoccupations anom mathematical 
difficulties of wave propagation in an overly 
simplified earth model is characterized as 
narrow and ignorant. Tom Jordan is the best 
example of a new breed or seismologists who 
are broad, knowledgeable, in command of 
mat lie mat its, physics, ami chemistry, and 
who contribute greatly to our understanding 
of the sir net ii re and dynamic processes of the 
cardi’s interior. It is my great pleasure to of- 
fer this citation of Tom Jordan upon his re- 
ceipt of the prestigious Mate! warn? Award. 

Ampunee KciiliAki 

Those of us fortunate enough tu receive 
this award have been lucky enough to have 
the guidance and inspiration of great teach- 




ers, both within the academies and without. I 
thank the AGU for this opportunity to ex- 
press my gratitude to those who helped me in 
establishing iny scientific career, because it is 
to their efforts lhaL this honor is dedicated. 

In October. 1967 I turned 19 years old. 

The plate tectonic revolution was breaking 
across the earth sciences like a huge wave, 
but as an undergraduate at Caltech 1 was ig- 
norant or geophysics and unenthusiastic 
about science in general. Although I liad a 
pa mi me job running seismometers around 
southern California, the west const was ruck- 
ing from more than earthquake waves, and 
the epicenter was San Francisco. My grades 
were poor and my recklessness high, so J had 
made up my mind to drop out of science and 
transfer to Berkeley. Fortunately, my rather 
stopped by Pasadena on his way to Vietnam, 
and he and Jerry Wasserbeig argued me out 
of it and saved me from being swept into the 
vortex which in the late sixties consumed so 
many of my contemporaries. 

Just a few weeks later Don Anderson 
phoned me up and invited me to be under- 
graduate assistant, thus initiating five years of 
collaborative resenrch which culminated in 
iny thesis work on radial earth structure. It 
was Don who, with his creative spark, ignited 
iny enthusiasm Tor the field of geophysics 
and showed me its landscape. He (aught me 
the penetrating puwer of a novel working hy- 
pothesis, the fertility of a mind nurtured by 
observations from many disciplines, and the 
need for synthesis in the geosciences. 

Synthesizing large data sets into models was 
a growth industry by 1969. so in the spring 
Don drove me down to La Jolla to meet the 
captains or that industry. George Backus and 
Freeman Gilbert. In observing the habits of 
Scripps professors, it did not take long to re- 
alize I had discovered California's veision of 
Eden; not only could you live the life of a 
beach bum and get paid for it, but you could 
do so on a really high-class beach. I had read 
die Backus-Gilbert, papers, of course, but it 


still took Freeman Gilbert Ilnurs in straighten 
out my fuzzy thinking on the stihjeit. 

Freeman helped me along at various times 
during my graduate career, impressing mi 
me the need fiir precise thinking, tat etui 
analysis, and wcll-coustrui teil mill hypothe- 
ses. He also agreed to serve on my tlivtcri.t- 
lion committee, and his participation proved 
crucial. On the morning of my duLturul de- 
fense, I got an unexpected cull from the Reg- 
istrar’s office informing me that, although 1 
had completed the requirements, I had failed 

10 apply formally for Candidacy Slams and 
was thus ineligible to take my exam. It was 
the midsummer of l!»72, and it took several 
hours to locate u dean with sullicieiit author- 
ity to sign the appropriate documents. I em- 
nered him ai home beside his pool. Imt lie re- 
fused to approve of the mat ter on such slum 
notice timil he was informed that the distin- 
guished Professor Gilbert had traveled all the 
way from La Julia lo attend the exam. My de- 
fense was only slightly delayed, I passed, and 
Robin and I loaded tip mir old Ford lor die 
trip lo Princeton, where iny first teaching job 
awaited. 

TeacEiing has been my preuccu|xiiinii for 

1 1 years now, and it is to my students in this 
audience that I would like to give a special 
word of thanks. In my attempts to leach yon 
the practice of science, l have learned must 
of what I know about it as well ns a lot uhmil 
myself. My published research during dtis 
last decade has been largely the work wc did 
together, and you deserve to share in the sat- 
isfaction of this award. 

Special appreciation is also due my col- 
league Bernard Minster. We have been ac- 
tively collaborating since our first year of 
graduate studies, and we have had one hell 
of a good time, Bernard was a little homesick 
his first year in the States, so he consoled 
himself by buying, on our rather meager 
gradtiate-studenl stipends, good French 
wines, which we drank laLe into the night 
while formulating harebrained schemes to do 


cutihqiiakc Mat whs. «l cs j Kn j 
or model plate hh M inus. K 

Bernard iniToducedni* 

Rohm who «* now my l«audridwi& 
hved above us in a titkciy old aw™* ^ 
building in Pasadena. Robin qfflSL 
the Im/ards id .oiisorting vmh S?* 1 
When the three of us derided loc^S?' 
fortunes and move to a more 
tluice, we vacated our apartments 2? 
one days nonce, announcing toourhl?, 

because, as seismologists, we considered I 
place to he «ruj it, rally unsound 
ble oi wtthstandmg the inevitable earS 

As t. happens, that was the beginj 
February 1971. , tea one week priUil 
K-n, audit earthquake. When it occunri 
Bernard and I were gone front ourm’ 
house in a Hash, not returning hmkta 
lor several days and leaving Robinto 
u. the angry cullers that, no, BerrurdJl 
did not have the knowledge to predin tin 4 
saster and, no, we line! not withheld ihhbv 
I or mat ion ficim our former friends bib 
damaged apartment building. Since ibfa 
Rohm has pat titi paled with me in ihew* 

1 rust rat ions, ami grind of doing sdencr if 
there were justice, her name as wlUma 
would he inscrilied on Lhis award. 

Finally, let me express my gratitude toaJ 
my other colleagues whose names cannot t* 
mentioned here hut whose help I hntfaA 
taken as it lias been freely offered. Hh ' 
award, tied as it is to a specific calendar jp, 
ran tint help provoke in me a certain dow-' 
gia. It has struck me during (lie last few 
moil tbs that I can detect so few signs ofagiq 
in the faces of my contemporaries; k do w 
appear to be getting any older. But I dwuU 
also note that, as 1 look out imo this audi- 
ence, I can see that those around us in dt- 
fin it ly getting younger. 

Thomas H. Jonh 


W j 








Announcements 

Infrared Backgrounds 

The I OHS Tri-Services Infrared Back- 
grounds Symposium will be held on Octubcr 
18-20, 1983. at the MITRE Corp., in Bui- 
ling ion. Mass. S|* insured liv the Department 
of Defense, the symposium w;i|| deal with 
such topics as Teccnt data, models, and analy- 
sis of all aspects of infrared backgrounds (ter- 
rain, atmospheric, and space). Of special in- 
terest are new contribu lions on the following 
topics: down looking backgrounds for missile 
surveillance, downlooking backgrounds for 
air vehicle surveillance, uplooking deep space 
surveillance, and disturbed atmospheres. 

Those interested in submitting papers are 
asked to send a one page abstract to R. E. 
Murphy, AFGL/OPR, Hanscom AFB, MA 
01731 by September 2. Because portions of 
the proceedings are classified, participants 
must submit their clearance (including De- 
partment of Defense sponsor) to the AFGL 
Security Office/SUL, Hanscom AFB, MA 
01731, At. in.: P. Doyle. 

Hydrogeology 

Symposium 

The Geological Society of America's (GSA) 
Hydrogeology Division will hold a half-day 
session on hydrogeology during the 1984 
meeting or the GSA Northeast Section at 
Brown University in Providence. R. I., March 
14-17, 1984. The symposium will focus on 
the theory and application of advanced scien- 
tific methods and stmisiicul approaches to hy- 
drology and groundwater geology. 

Abstracts (200 words or less) of proposed 
presentations should be submitted no later 
than September I, 1983. to Frank J. Wobber, 
Office or Energy Research (ER-75). U.S. De- 
partment of Energy, Washington, DC 20545. 
GSA members and others with professional 
interests in hydrology, groundwater geology, 
and allied disciplines are Invited to submit ab- 
stracts. Papers not accepted for the 1984 
meeting will be reconsidered for 1985. If suf- 
ficient interest is expressed, seminars or 
workshops also may he scheduled. 

The symposium is being organized by 
Wobber and JeiTSgambat. Gcraghty and 

844 Wesl Slrcc[ - Annapolis, MD 
2H01 (telephone: 301-26R-773Q). 

Erosion Control 

The 15 th Meeting of the International Ero- 
sion Control Association will be held in Den- 
ver, Colo.. February 23-24, 1984. The con- 
ference’s theme, “Erosion Control. ..Man and 
Nature,’’ aims to emphasize the worldwide • 
problem or erosion control cawed by nature 
. as well as by man. ■■■■■■’ 

Papers are being sought on ^ration control 
techniques, materials, equipment, and policy. 
Abstracts should be no longer than ode dou- 
ble-spfeced typed page gqd should be sent by 



October 15 10 Grit Bovenkamp, Conwcd Cor- 
poration, 8888 Appian Wav, Hollywood, GA 
90046 (telephone: 213-650-6429). 

For additional in formation, contact the In- 
tel national Erosion Control Association, Inc., 
P.O. Box 807. Freedom. CA 95019 (tele- 
phone: 408-688-3228). 

Shuttle Environment 

The American Institute of Aeronautics and 
Astronautics’ (AIAA) Shuttle Environment 
and Operations Meeting will be held in 
Washington, D. C., October 5-November 2, 
1983. Topics to be covered at the conference 
include environmental effects, payload sup- 
port. and data processing and control. 

Additional information is available from 
AIAA, Meetings Department, 1633 Broad- 
way, New York, NY 10019 (telephone- 0[o_ 
408-9740). Billy M. McCormac at the Lork- 
heed Missile & Space Company in Palo Alto, 
Calif., is organizing the conference. 

Radio Science 
Conference 

The U S. Committee for the International 
Union of Radio Science (URSI) will sponsor 
its national meeting at the University of Colo- 
rado in Boulder January 11-14, 1984 The 
meeting will feature a large number of pa- 
pers presented to the various URSI Commis- 
sions as well as a contest for (he best papers 
submitted by graduate students. The students 

* u c lg1 . ble for awards totaling Si 750, 

Authors interested in submitting papers for 
the various sections of the conference must 
submit their abstracts by October I, 1983, to 

m I-' , „ y ’ l . Ch * i r nian * Steering Committee. 
Naitonal Radio Science Meeting. Department 

( tlc ctnca Engineering, University of Colo- 
rndo, Boulder. CO 80309. Notifications of ac- 
ceptance or rejection will be mailed to au- 
thors by mid-November. 

Graduate students interested in participat- 
ing in the competition for student papers 
should submit their papers by October 1. 

1985. to .Program Committee Chairman T. E. 
VanZandt NOAA/ERL, R/E/AL3, 325 Broad- 
way, Boulder. CO 80303. Three finalists will 
be notified by December I, 1983; the finalists 
will be provided with travel and subsistence 
support for attending the meeting. Questions 
regarding the competition should be ad- 

Flt S ,^ii°c- Sid - nCy t ’ Bowhi,1> Department of 
n c g i‘on er , ^f’ Un,vcrsil X of Illinois, 

Urbana, IL 61801 (telephone: 217-333-4150) 

Even though papers on any topic of inter- 
esi to one of the nine URSI. commissions are 
welcome, some commission chairmen are so- 
liciung papers for several topics. Contact the 
appropriate chairmen for more information; 

oowhu* ' ?i°" A ’ P^ro^agnetic Meteorol- 
ogy (H. Hellwig; telephone: 61 7-927-8220)* 
Urae domain measurements, filament and 
connector mierfaces in fiber optics, electro- 
;■ magnetic field and antenna measurements ' - 
and accuracy and standard teal models for , : 
network analyzers; Commission B, Field and ; 
.. . ✓ • i ■ 


Waves (C. M. Butler; telephone: 601-232- 
7231); iHimerical solution techniques lin- gen- 
eral scattered, and random media and rough 
surface scattering; Commission E, Electro- 
magnetic Noise and Interference (A. A. Gior- 
dano; telephone: 617-449-2000): measure- 
ment, modeling, and cumiminicniinii in the 
radio channel; Commission F, Remote Sens- 
ing and Wave Propagation in the Neutral At- 
mosphere, Oceans, Land, and Ice (E. K. Gos- 
san!; telephone: 303-497-G645): coherent 
scatter; Commission G, Ionospheric Radio 
and Propagation (K. Davies; telephone: 303- 
497-3551): high latitude ionosphere, modem 
ionospheric sounding techniques, ionospheric 
modification and heating, and incoherent 
realtor; Commission H, Waves in Plasmas (R. 
F. Benson; telephone: 30 1-3-1-1-75 11): /■' re- 
gion wave structures, active experiments in 
space, coherent wave-particle interaction in 
the magnetosphere, and antennas in plasmas; 
Commission J, Radio Astronomy (M. A. Gor- 
don; telephone: G02-882-8250): solar radio 
astronomy, self-calibrating techniques fin ra- 
dio astronomy, and radio astronomy pin ns 
for space vehicles. 

The 10 member-organizations ortho insti- 
tute oF Electrical and Electronics Engineers 
are cosponsoring the meeting. 


AGU Chapman 
Conference 
on Magnetic 
Reconnection 

October 3—7, 1983 
Los Alamos National Laboratory 
Los Alamos, New Mexico 

Convenor: E. W. Hones, Jr. 

Plan to attend 
this exciting program! 

Topics of discussion to Include: 

• Theory of Reconnection 

• Computer Models of Reconnection 

• Reconnection at Earth’s 
Magnetopause 

• Reconnection In Laboratory Plasmas 

• Reconnection In Astronomical 
Objects • 1 • 

For more Information on registration 
f“ omm bdations contact the 
AGU Meetings Department 

2000 Florida Avenue, N.W. 
Washington, D.C. 20009 • 

; 800424-2488. (toll free) 
462-6903 (D.C. area) . 



Gceai? Sciences 

Meeting ! 

Abstract Deadline: 
October Ip, 19W 

New Orleans, Louisiana 
Jan. 23-27, 1964 _ 

Ocean Sciences 
Meeting: 
Registration 8c 
Housing 

Tlic 1H84 Ocean Science, 

American Geophysical Union (AGU)* 
held January 23-27, 1984, in New Odom 
the Fairmont Hold. Cosponsoring 
arc ihc American Society of LimnorogJ^ 
Oceanography (ASLO); the Acoii^i ___ 
or America (ASA); the American MW® 
logical Society (AMS); the Marine ’ 
gy Society (MTS); and the Institute 
cal and Electronics Engineers Oceans 
ncering Society (OES). 

Some of the most compelling ptJJ* 
modern science and technology ’ s Pr , 
more traditional disciplines, and ^ 
daily true of oceanography. wjupj w hnok4J 
gamation of several sciences with torn ^ 
The 1984 Ocean Sciences M ^ ng .?ti*s 
ond meeting to be established Of* ■fL# 
forum for interdisciplinary oceaI ^ 
it is an outgrowth of the suCxeM,^ ^ 
which was jointly sponsored by n 
AGU and held in San Antodo.l^^^ 

In addition td the ocean phy“ ca t 
gy topics covered in San ArRonio, 

New Orleans meeting will iri | 


New Orleans meeting will mciuu^ 
ic sciences, chemical and-gedoJP^^, 
raphy, underwater acoustla. 

nology. 1 " • iZjnff 

Most of the special «a*ions ; WJjgji 
have a strong (but not exdusiv^^ . 

Nifllphcnpmenonand 

all illustrate the: extension OF p.r“ .ZoflW* 
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Several simultaneous sessions will be held, 
including poster sessions, with ample provi- 
sion for refreshments in the morning and 
evening. An active social program is planned 
so marine scientists from ihe various disci- 
plines can mcei and ialk. 

The 1984 Ocean Sciences Meeting is an op- 
portunity to advance the unity ol « it can sci- 
ence and engineering in a stimulating and 
pleasant environmem. We hope lo see you 
iherel 

Registration 

Everyone who attends die meeting must 
regisier. Preregistration (received by January 
o. 1984) saves you time and money; the fee 
will be refunded lo you ff AGU receives writ- 
ten notice of cancelation by January 16. Reg- 
wration for 1 day only is available a( one half 
ofihe applicable preregistration raies, either 
w advance or at the meeting. Registration 
rates are as follows: 

Prcrcgia- After 
trillion 1/6/84 

Member $f,5 $80 

Student member $32 $47 

Retired senior member $32 $17 

Nonraenibcr $85 $100 

Student non member $39 $54 

The difference between member (or stu- 
nt member) registration and nonmember 
‘^ration may be applied to AGU member- 
ip dues if a completed membership applica- 
is received at AGU by April 25, 1983. 
neni AGU dues are $20 members; $7 stu- 
ae, » members. 

Tor™ P re J c P Jler ' fill out the registration 
Arn’ Arc return ’ l with your paymenL lo the 
Willi Vour ’Wipi will be included 

minr ° Ur _P rere 8“ lra ti° n material at the 
te - In 8- Preregistrants should pick up their 
d«k rat, ° 11 m aterial at the preregistration 
badoM r Fa ‘ rnio,u Hotel. Complimentary 
sion. . •!? f not attending scientific ses- 

ill be available at (he registration desk. 

Hotel Accommodations 

The me e,j ng wi ,j bc a[ |he e | egaiu Fai r - 

Caii/p ’ whkh ls al edge of the Vieux 
the pj, rencfl Q uar, er). In the experience of 
r af :u, ; r® Tam Committee it is one of Lite finest 
raeeting an ^ w * lere l® r supporting a technical 

is bein 8 held al lhe Fair ' 
tiouble* An R ° 0m r ales are * 80 sin 8 ,e> * G0 

by a c ' . ^serva lions must be guaranteed 

de P° sk American Ex- 
numbe r r 6 B . anche ‘ or Diner’s Club card 
and mail ll,e housing application form 
10 application directly 

ally p! t ? ont Hotel, Reservation*} Unlver- 
early , ' New ° rle ans, LA 70140. MAIL! 
r cservaii n e ?* ure confirmation. Deadline for 

'wile or du a<?m ? mber 2Sl Pleasc do not ' 

» AlaU for room reservations. . 

Events ' 

5:S0-7 C p S reakc . r on Monday evening from 
social cvem ' V Palrmo ni is die opening - 7 
Oil ball J mccLin g- ■■■:'’ ; ‘v 

^a! hoi,r r“ e an f} Thursday evening? a 

. from 6:30-6 F.m. has been tenuh 


lively scheduled sn partiripHiits may gailicr l» 
make plans fur evening activities. 

There will be a Wednesday luncheon in lhe 
Imperial Ball rue mi from noun iu 2 KM. The 
luncheon speaker will be nniiuunreri in a Lit- 
er issue ot £oj. Tickets are $12. Purchase 
vour ticket early; there will lie only a limited 
supply at (he meeting. 

Scientific Sessions 

The Call for Papers showing specifications 
for abstracts was published in the July 5 Et u. 
The program summary will be published in 
the November £9 Eos. The preliminai y pro- 
gram along with the abstracts will be pub- 
lished in the December 27 Eos. The filial pro- 
gram with presentation times will be distrib- 
uted rl the meeting. All scientific sessions will 
be held at the Fairmont Hotel. 

Toster sessions will be held throughout die 
meeting from 9 A.M. to 5 P.M. AGU will 
provide each presenter with a mounting area 
measuring 1.25 x 2.50 in. Plan your puster 
display to fit this space. The boards will be set 
up iu the designated room before the poster 
sessions begin. Thumb lacks, push pins, tape, 
and scissors will be available ill the room. 

Exhibits 

Exhibits of equipment, programs, books, 
and organizations are planned to run daily 
from Tuesday. February 24. to Thursday, 
February 26, 9 A.M. to 4 P.M. 

Special Sessions 

Asterisk indicates new session. 

Warm Core Rings 

Air-Sea Interaction in Coastal Regions 
•Ocean Instrumentation and Measurement 
Techniques 
Shelf Dynamics 
•OPUS 

Optical Dynamics Experiment 
Marginal Ice Zone Experiment 
•Atmospheric Chemistry and Ocean Tracers 
California Current and Eastern Boundary- 

Regional Oceanography of the Gulf of Mexi- 
co and Caribbean Sea 
Southern Oceans: Dynamics. Biomass 
•Short Term Variability in Estuarine and 
Coastal Waters 

•Long Term Changes of Nutrients m Estua- 
rine and Coastal Waters 
Kuroshio/Wesiern Boundary Currents 
Arctic Ocean: Dynamics, Biology, Acoustics 
Dynamics of Submarine Rifim Vent Hydro- 
thermal Systems: Biology, Geology, and 

. Chemistry - . • • . c , 

•Physical and Biological Processes in Subma- 
rine Canyons , , . 

El Nifto and Climate yanabihty 
£! Ghichdn, Global Climate, Chemisyy 
•Tropical Oceanography. • rru 

Oceans and Atmospheric Chemistry:, COt, 

Occt’/S Transport: Models and Observe- 

Acoustic \Moni^rih^' 

Smicture, In-. 


Acoustic Tninugniphy 

Large Scale Ocean Observing Systems 

‘Small-Scale Ocean Processes .mil Structures 

SAR Surface Signatures 

•Fine and Micro Structure; 

Physical Oceanography .mil Ocean Tracers 
Radioactive Waste Disposal 
Environment and Fisheries Veal Class Surviv- 
al 

•New Developments in Ocean Science Instru- 
mentation: From A User's Perspective 
Zuoplaiikiun Behavior 

Plankton Prodnciivitv in Oligotniphic Waters 
liin.-Mi l.niui. ui Dpiii.il and Binlogii.il Prop- 
erties (including ODEXl 
Below-Ground Processes in Wetland Ecuys- 
tents 

Plankton Spatial Pattern— Growth and Be- 
havior in a Turbulent Fluid 
Dynamics of Micron ggregates iu Oceanic Sys- 
tems 

Phytoplankton Responses ro Fluctuating En- 
vironments 

•Interactions uf the Mississippi River with the 
Gulf of Mexico 
Aquatic Nitrogen Cycles 
Biological and Physical Processes Within the 
Benthic Boundary Layer 
•Recruitment: Starvation vs. Predation 
Cyanobacteria: What Are They Doing? 
•Contaminant Transport and Transforma- 
tion Processes in Great Lakes Sediment 
•Relationships between Benthic Ecology and 


St-dimt-nmi v Proresses ul list- Venezuela 
Basin. C-nrihl>eiin Sea: Past and Pie scut 
* Pollutant Transport by Parlit'iildte» iu Estua- 
rine ami Unas id I Watcis 
Feeding Ecology nf Fishes 

Session Highlights 

Zoupltmklon Behnvim 

Scope of session: rescan It mi individual 
zooplankton organisms, swarms, ami other 
aggregations: commiiiiicaiinrt/iiiteractiun 
within and between species: lending. ->w Hu- 
nting; sensors and their pcrfui nv.inie; and 
laboratory and field observations. Cinema 
and video observations m.iy be presented. Be- 
havior in relation lo abiotic [actors (e.g., hy- 
drographic variables) should be included. A 
general discussion on zooplankton behavior is 
scheduled lo wrap lip the session. Gustav- 
Adolf PafTenhOfer, Skidaway Institute of 
Oceanography. P.O. Box 13687, Savannah, 
GA 31406; 9 12-356-2489. 

Belowground Processes in Wetland 
Ecosystems 

Much of the primary production, decom- 
position, and element cycling in wetland eco- 
systems occurs below the sediment surface. 

Meetings fcont. on p. 492} 
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Will focus on such belowground processes in 
both fresh water and marine wetlands. Con- 
trols on belowground processes and compari- 
sons of processes among wetland types will be 
emphasized. Robert Ho war tit, Ecosystems 
Center, Marine Biological Lab., Woods Hole, 
MA 02543; 6 17-548-3705. 


Dynamics of Microaggregates in Oceanic 
System 


Phytoplankton Responses to Fluctuating 
Environments 


The importance or environmental duct na- 
tions as a determinant in phytoplankton 
physiology, growth, and ccolngy. Preset na- 
tions may deal with responses to fluctuating 


environments at any level of biological orga- 
nization including |i hysiolngic.il, life history, 


and ecological and lie either held or labora- 
tory ill nature. Of the environmental fluctua- 
tions. changing light and mitricni regimes 
will receive the greatest at tent ion. David Tur- 
pin, Dept. Biology, Queens Univ., Kingston, 
Ontario, Gaunt lu K7L 3N6: 613-517-2724. 


Interaction of the Mississippi River With the 
Gulf of Alexicu 


The present state of knowledge of die his- 
torical influence of the Mississippi River on 
the northern Gulf of Mexico, recent gcoinor- 
phic changes, circulation in the vicinity of riv- 
er plumes, the importance of the river in the 
geochemistry or truce metals, organic sub- 
stances and radionuclides, the response of 
phytoplankton to nutrient iiupini. oxygen 
dynamics, planktonic food chain relation- 
ships, and the importance uf the river to re- 
gional fisheries. Donald Buescli, LUMCON, 
Star Route Box 541, Chauvin, LA 7U344; 
504-594-7552. 


Aquatic Nitrogen Cycles 


_ Biological and chemical processes control- 
ling the fluxes of nitrogen among inorganic 
and organic nitrogen pools in water column 
and sediment systems. We would like to con- 
sider large and small scale nutrient dynamics 
and systems approaches to nitrogen budgets 
from estuarine to open ocean regimes. Bess 
B. Ward, Scripps Institution of Oceanogra- 
phy, A-018, UCSD. La Jolla, CA 92093; 619- 
452-4867. 


Biological and Physical Processes Within the 
Benthic Boundary Later 


The properties of the benthic boundary 
layer affect the biological, sedimentological 
and chemical processes occurring therein. 
Will emphasize especially studies focusing on 

rlvnamlr ini»rar<inni ■ 1 j ■ 


dynamic interactions among these subdisci- 
plines, although more classical, unidisciplin- 
ary studies will not be precluded. James E. 
Eckman. Marine Sciences Research Center. 


Eckman. Marine Sciences Research Center, 
SUNY, Stony Brook, NY 11794; 516-246- 
4026. 


Cyanobacteria: What Are They Doing ? 


A great deal of data has accumulated to 
suggest that chroococcoid cyanobacteria are 
important primary producers which may be 
linked to other components of marine ecosys- 

tpmc hv lirivlnlinn ■ . 1 r 


terns by predation, symbioses, or excretion of 
dissolved organic matter. Will provide a fo- 
rum for an open discussion of the role of 


cyanobacteria in planktonic and benthic sys- 
terns. Theoretical or speculative papers will 
be considered and authors with new research 


dam or who wish to summarize ongoing pro- 
jects related to this area arc encouraged to 
submit abstracts. A. Michelle Wood, Dept, 
Biophysics and Theoretical Urology, Univ. of 
Chicago, 920 E. 58, Chicago, IL 60637; 312- 
902-1331. 


Contaminant r reimport and Transformation 

Processes in Sediments of the Great Lakes 


. Will discuss contaminant ^ -particle interac- 
tions, sediment focusing processes and time 
scales, historical records of contaminant de- 
position, postdc positional redistribution pro- 
cesses, mathematical models of bioturbatiQii, 
fallout radionuclides as model contaminants, 
zoobemhos-contamiiiant interactions, and 


Benthic Ecology and Sedimentary Processes 
of the Veneuula Basin: Past arid Present 


Long-Term Changes of N 
Estuarine and Coastal W 


Nutrients in 

Waters 


Chemical, biological, and physical processes 
in the marine environment that control the 
formation, maturation, and fate of organic 
aggregates less than 100 micruns in size. Em- 
phasis will be on aggregate characterization, 
microbial food chain interactions at surfaces, 
and the role of microaggrcgatcs in the proc- 
essing and flux of organic material in the wa- 
ter column. New methodologies for studying 
microaggrcgatcs will he discussed. Joel Gold- 
man, WHOI, Woods Hole, MA 02543; 017- 
548-1400 x 2570. 


, - Ml AVI 

contaminant removal and resuspension pro- 
cesses and models. Should be or general in- 
terest to all concerned with the behavior of 
contaminants in both marine and freshwater 
environments. John Robbins, Great Lakes 
Environ jnfcntal Research Lab., 2300 Wash*- . 
tenaw Aye., Ann AM, MI 48104: 313-668- 
2283. !> • • - T ■ 


Will examine relationships between benthic 
ecology and sedimentary processes of the 
Venezuelan Basin, Caribbean Sea, from phys- 
ical, chemical, geological and biological points 
of view. Past environments will be interpreted 
from the sedimentary record, paleocurrenu 
and morphology of the basin itself. Papers on 
the present environment will focus on effects 
of benthic ecological processes on deep-sea 
sediments by organisms ranging in size from 
bacteria, meiofanna, niacrofaiina to mega- 
fauna. Rates of sediment mixing by biouirba- 
tion inferred from distributions of radioiso- 
topes will be compared with geological, chem- 
ical, and biological data. Comparisons among 
sedimentary provinces of the Venezuela Ba- 
sin and contrasts with other deep-sea envi- 
ronments will be made. David K. Young, Bio- 
logical and Chemical Oceanography Branch, 
Oceanography Div., NORDA, NSTL Station, 
MS 39529; 601-688-4600. 


Will present and compare dut:i on lung- 
term changes in the iiulriciii status of estua- 
rine and coastal wateis. Long term refers to 
multiyear lime series data; this limitation can 
be relaxed if enough contributors request 
such a change. Joe Ustacli, Duke Univ., Ma- 
rine Lab., Beaufort. NC 28516; 919-728- 
2111 . 


specific problems. Will address th eanT *, 
non of satellite technique to oaanfcS? 
such as circulation, response lo 


Ocean Chemistry in the COa Cycle 


Southern Oceans 


Will present contributions on all aspects of 
recent physical and biological work in the 
Southern Oceans; particular .mention will lie 
given to Lite interaction of the physical envi- 
ronment with the abundant biological re- 
sources of the region. Donald Si niff, Univ. of 
Minn., Dept. Ecology & Behavioral Biology, 
318 Church St-, Minneapolis, MN 55455; 
612-373-4909. 


Applications uf chemical data collm*, 
during the transient tracer in the Si, 
gram. Emphasis on progress in uS? 
mg. he CO, cycle and £ early r«S 
the Amazon estuary data. R. M. Key tZ 
urn Univ., Princeton, NJ; 609-452-3H5 


Oceanography and Ocean Tracers 


Preliminary examination of the phnbi 
oceanographic data collected ctunng the 
North Atlantic and Tropical Atlantic Tn* 
stem Tranters in the Ocean pro™ w 
canon or chemical tracer data to models 
ocean trails port and diffusion prohWl 


Recruitment: Starvation Vs. Predation 


Radioactive Waste Disposal 


ocean transport and diffusion problem. R. 
M. Key, Princeton Univ,, Princeton, Hi 6» 
452-3595. 1 


What is the current state of knowledge re- 
garding the long held assumptions Lhat mor- 
tality of fish and other planktonic larvae are 
related to some combination of predation and 
starvation, and how do modern ideas of bio- 
logical patcliiness and micro- and finescale 
physical/chcmica! structure bear on this? 


Will focus on recent research related Lo the 
disposal of low-level radioactive waste in the 
ocean. Contributions dealing with geolugy, 
physics, chemistiy, and biology' are invited lo 
provide an integrated view of the current un- 
derstanding oflow-lcvel disposal. Sherman 
Williams, Knolls Atomic Power Lab., Box 
1072, Schenectady, NY 12301; 5 18-393-6(3! 1. 


Meeting Report 


Chapman 

Conference 


Acoustic Imaging 


Focuses on the development and use of ad- 
vanced acoustic measurement and imaging 
methods for studying or "viewing" the ocean 
bottom and for precision bathymetry. Specific 
systems of interest, applications and research 
results include SEABEAM, SEAMARC, 
SWATHMAP, DEEPTOW. etc. Gerald Mor- 
ris, ONR, Bay St. Louis, MS. 


New Developments in Ocean Science 
Instrumentation ; From a User's Perspective 


Acoustic Sensing of Physical. Biological, and 
Sediment Properties 


Focuses on the use of underwater acoustics 
to remotely infer various properties of the 
ocean, including sediment, meso- and fincs- 
cale. and biological characteristics. Papers in- 
vited on acoustic doppler methods, backscat- 
tering from paniculate matter, single and/or 
muliifrequency back and forward-scattering 
techniques, multichannel seismic systems, 
deep tow geophysical systems, inverse meth- 
ods, and planar hydroplione arrays. 


Recent advances in oceanographic technol- 
ogy have enhanced the ocean scientist's ability 
to collect, transmit, and interpret field data. 
While some of these advances have resulted 
from the application of existing technologies 
to ocean science research, others have been 
developed to meet a specific need. Presents 
several such developments that have the po- 
tential for broad use by biological, chemical . 
geological, or physical ocean science investi- 
gators. Papers are requested to augment sev- 
eral dial will be invited. Lawrence Clark, 
Oceanographic Technology Program, NSF. 
1800 G St., N.W., Room 613, Washington, 

DC 20550; 202-357-7837. 


Regional Oceanogr aphy of the Gulf of 
Mexico and Caribbean Sea 


Arctic Acoustics and Oceanography 


Focuses primarily on Arctic acoustics, but 
also includes biological and dynamical prop- 
erties of the Arctic. Specific topics of interest 
include ocean acoustics phenomena in the 
central and eastern Arctic and marginal ice 
zone and from the FRAM ice floe stations, 
emphasizing recent results in basin reverbera- 
tion. propagation, scattering, geophysics, and 
ambienL noise. Also of interest are papers on 
ice and biological dynamics, including empiri- 
cal and theoretical studies on large- and 
small-scale ice and ocean dynamics, suspend- 
ed particulates, phytoplankton, zooplankton, 
and higher tropic levels. 


Relationships between biological, chemical, 
geological, and physical processes and the cir- 
culation and water mass distributions found 
within the Gulf of Mexico and CariblKun Sea. 
John Morrison, Ocean Dynamics Program, 
NSF, 1800 G St., N.W., Washington, DC 
20550. 


Small-Scale Ocean Processes anti Structures 


Observations of the 1982-1983 El NiAo 


The fine- and microstruaure or uccnn sca- 
lar and velocity fields. Turbulence; tempera- 
ture and salinity microsinicturc; double dif- 
fusive convection; mixing. Relationship or the 
small-scale ocean physics to the larger scale 
temperature, salinity, and velocity fiiicsiruc- 
ture field. The relulivc importance and obser- 
vational evidence Tor various types of ocean 
microstruciure. Steven Mack, JI1U, API., 
Johns Hopkins Road, Laurel, MD 20707; 
301-953-7100. 


Invites contributions reporting observations 
on all aspects or the 1982-1983 El Nino. In 
particular, observations from the coastal wa- 
ters of North, Central, and South America 
are requested, as well as observations from 
the equatorial Pacific. David Enfield, School 

“ f n °“^°g ra P li y. Ore. State Univ.. Corvallis, 
OR 97331; 503-754-4555. 


SAR Surface Signatures 


The Organization of Persistent U Dwelling 
Structures (OPUS) study is an interdisciplin- 
ary DTOPram SlnrlvJnrr lUo i ... ■ 


surface and internal gravity wave genera- 
tion, propagation and transformation; spatial 
evoluuon and forecasting of ocean wave spec- 
tra; properties of the mesocalc wind field; 
SAR modulation mechanisms, both theory 
and experiment; development of algorithms 
for quantitative measurements of wind, 
waves, currents, bathymetry, and ice. R. C. 

J ohns Hopkins Road, Lau- 
rel, MD 20707; 301-953-7100. 


It is becoming clear that point defeturi 
minerals play a role in processes imporantB 
the formation and evolution of the earth. 
Processes such as diffusion, electrical condw- 
tion, thermal conduction, creep, and sotud 
propagation all exhibit behavior that can ci- 
ther be directly attributed to the influenreof 
defects or can be shown to be related to duir 
presence. In some cases (diffusion, elwriul 
conduction, creep), point defects seem roptn 
a centra] role in the behavior. 

The goal of the Chapman Conference, 
held at Fallen Leaf Lake, Calif., September 
5-9, 1982, was to bring together a variei) of 
expens from within the geosciences and 
those maicrials-science disciplines ihathau 
traditionally studied the role or point ddftu 
in solids to examine the role of defects in 
minerals, in this sense, the conference tor 
the first of its kind; and while there hate 
been many dealing with point defects, nwr 
bud dmli with their role in minerals ami fe- 
line ait audience comprising a significant 
number of earth scientists. Of the 71 pjiln- 
pants, 17 were decidedly nonearth science in 
their outlook, and 12 represented five coiffl; 
tries other than the United States. An anikt 
pated outcome of the conference was ion- 
pose earth scientists to tite siatc of the arte 
point -delect science and to expose nonearth 
scientists to current problems of geochemist 
and geophysics. 

The existing knowledge about point de- 
feels, their treat incut as chemical entities, aw 
(heir Ireliavior was covered by F, A. Kdgr 
(University of Southern California) oninw- 
inodyiiiiiuics, 11. Wucnscli (Massachusetts In- 
stitute of Technology) oil diffusion. H. L 
Tuller (Massachusetts Institute Te rT > 
gy) on elect ricul conduction, and R. 
(Ccnunmcc, Ulnlt) on creep. C. R. A-Cau" 
(Ihiiversity College, l-ondou) on conipt® 
modeling of defects in solids and S. A- 
B rawer (L*iwrc»rc Livermore NaiW . 
ratory) on molecular dynamics of dfit rL 
melts stddcd the state of the art In 
A tutorial of some of the problems i 
chemistry and geophysics that might k 
cd to, or solved by an understanding ■ 
point defects was given by A. NavrotuT 
zona State), A. C. Lnsaga (PennsyfvWa^ 
University), T. J. Shanklaod (LM A [ a ®^. 
tional Laboratory), and R. N. Schockl 
rcnce Livermore National Laboratory^ . 

Wucnscli noted dial there were id Jr 


vrtiviin.ll iiuiA-u — - *V1T i«Vin B 

falls in diffusion experiments. DnW®. 


a J7 1 .P T0 C rani sll, dying the function and vari- 
ability of coastal upwelling. Will discuss re- 
sults of the 1983 field work in the context of 


our developing understanding of shelf 
dynamics and its relation to biology. Burton 
Jones, USC, Institute for Marine and Coastal 
Studies, Loa Angeles, CA 90007; 219-743- 
6843. 


Dynamics of Submarine Rifl in Vent 
Hydrothermal Systems: Biology, Geology, and 
Chemistry 


The understanding of the inlerrelation- 

illDS beiivrrn rh» nnU«. ; ■ - . 


■——6 ‘■nc mierrciauoil- 

shiDs between the geologic setting, the biota, 
and chemistry of the diverse submarine liy- 

flrnf h-rrMol ■ .. < 


strongly affected by mechanical ^ 
preparing a sample, with likely 
cr kinetic processes. In addition, 
the 200- to 300 -ppnt level can have 
effects on transport properties, ritj- 
perimenters often do not aH° H ' r a * . 
amount of time for diffusion p* v ^£ n itn 
ponents to take place and for equlH 
be established. ■npdjOJ*'. 


Shelf Dynamics 


T ic results of recent fieldwork as well as 
modeling and theoretical results are invited 
to provide an integrated view of our new un- 
derstanding of shelf dynamics. Rick Romea, 
Dept- Oceanography, Fla. State Univ., Talla- 
hassee, FL 82306; 904-644-6702 


uivcisc submarine Hy- 
drothermal vents. This understanding is nec- 
essary in order to unravel the evolution of 
the vent communities and to understand the 
differences in the chemistry of the metallifer- 

h U ff P NOAA ' 16 ° f lhC Vent3 ‘ Alexander Ma| - 


Diffusional creep phenomena 1 ..PjL ■fate 
lalline oxides can be used to 
as to how silicates are likely to 
don pointed out that electrical c0 
results from the majority CariWj 
is likely to be the result of nnnoruy. ^ 
thus, activation energies ftirf 


Ocean Heat Transport: Models and 
Observations 


inus, acuvauuu ciicig"-* 1 

are misleading and are not 
defects involved. TuUer reminded 


that electrical conduction 
oxides are complex and are cf^jfc. 
more complex in silicate nunera j, 
band gap in mantiesilica^ 
to be large (8 eV), intriilM 
tion is replaced by UT |P ,jr i,^ ir1 -caf 
sic and ionic conduction. 
ity measurements mhy be i W? 
major ionic and electron , 

ular system as well as. thd * eI v J* fld*- ■ 
quantities tiwt ‘.character!*: tlK?^ 5^ ( ■ 

and association. : 

' Gailow extended compu^r £• 

methods from simple 
Such .calculation? aUow.flte^^^ipfll^ : 
tal structures', physical pr°^ ■ ■tbdP^i 
' defect structurts. BraweCprP^.. 


Short-Term Variability in Estuarine and 
. Coastal Waters 


Role of large scale heat and fresh water 
hTJl a E2 n 10 , 0ce f n circulation. Estimate of 


Inshore waters are highly variable, but the 

y ° ft ? 3 g peara ,n * table frequencies 
of varying scales Space and time domains of 
P^ SICa -' ? nd biological, processes can 

sSffSTE and Spcdca abu ndances. 
JSff; ! h< : P at cb between physical forcing and 

MaS ? p r e r Joe Ramus, Duke. Univ.,’ 

Manhe Lab, . Beaufort, Np 28516; 919-^28- 


h • , — — ' uumaie ot 

heat transport based on both atmospheric 
and ocean measure men Uand the imerupta- 

TS&r ™™ model? ' kirk B r 


Large Scale Ocean Observing Systems 


* changeJn sqiehtific focus ' 
for iiateUite-b&sed ocean observations over the . 


: v . ' ; .wiifcom wun quautv. ot 

data assocUted with a given sensor technique i 
to an emphasis on technlqup^pbhcation S 1 ’ 

li;-, •’ V f 
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-simulation studies on defects in BeF, liq- 
uid, which he believes serve as analogues to 
cjq,' xhe model predicts viscosity decreasing 
Si’pressure for both melts. Threefold coor- 
dinated anions and fivefold coordinated cat- 
■ ms are possible defects in the melt, ancl any 
diffusion with the resulting separation of a 
cation-anion nearest neighbor pair would be 
-jtdicied to occur only at the site of a three- 
fold coordinated anion (i.e.. oxygen in SiOs). 

The possibility that perovskite structures 
and other phases might exhibit superconduc- 
tivity dose to their melting temperatures in 
ibe mantle was raised by M. O'Keeffe (Arizo- 
na State) in discussing solid electrolyte transi- 
tions. Not only are the conductivities of such 
M lid electrolytes very high, their mcchnical 
moduli are anomalously low. O’Keeffe 
messed that short-range interatomic forces 
are very important and that the force field in 
silicon-oxygen arrangements may be such 
that die effective radius of the silicon is larger 
ihan that for oxygen. An excursion outside 
the realm of point defects was made by David 
Veblen (Johns Hopkins), who discussed his 
recent observations with high resolution 
transmission electron microscopy and the role 
that planar defects (£rain boundaries and 
sucking faults) play in critical mineralogical 
processes. His stunning electron photoniicro- 

S phs provide visual evidence that planar 
•cts control diffusion and therefore the 
rate of chemical reactions. Some conclusions 
from Veblen's visual panoramas arc that 
pain boundaries are not necessarily the 
chemical "garbage cans” that many have sup- 
posed and that many rock-forming minerals 
are nonsloichiomemc. Planar defects, com- 
mon in chain and sheet silicates, do not, how- 
ever, appear to exist in olivine. 

A wide variety of other papers attests to 
ihe growing realization that defects play a 
very important role in the properties of min- 
erals, and still other papers dealt with mea- 
surements of the properties of melts, anelasti- 
dly, atomic distributions at atomic sites in sili- 
cates, and electrical conductivity. It is 
important to note that the electrical conduc- 
tion mechanisms appear to be very different 
in iron-bearing natural olivine from those in 
the synthetic pure-magnesian forsterite. Com- 
bined with the results on creep and on diffn- 
tion, these results indicate that iron strongly 
affects point defect chemistry in olivine and 
that rhe oxidation stale of the iron plays an 
equally significant role. The interest ;md en- 
thusiasm around this meeting promise a 
more intense effort at undci standing the role 
of point defects in minerals than we have 
wn in the past. A better understanding of 
properties within the earth should be forth- 
coming. 

fAii meeting repot t urns contributed by R. N. 
Schtick, Lawrence Livermore National Laboratorc, 
Lnamre, CA 94550. 

EDITOR'S NOTE: Point Defects in Minerals, 
^collection of papers from this Chapman 
Conference, will be published ns a part of die 
AGU Geophysical Monograph Scries and will 
w railed by R. N. Schock. Publication will be 
wly 1984. 

Abstracts 


(jMSKSSSS. (Chmititry Dspartrant, C«e Hh- 
Uiirvnifltvfriuy, Clswlind, Ohio 44106) 

WiTu? rill 1 *] S r **t*l growth SUms. struc- 

2SSSS"-, 0 v«n the bulk ■ true t lire, quu*- 
w! «<"0 cluster ratals 

‘'•lid JsffflJi of thl e, «ctron1c spectra asso- 
J u,k ' coor 4 , naUd atoms, cations, and 
w swotSi*"! utn bu1k consUnti 

«rtm ctu.Sl" 9 !°T" can be calculetad 

rti«. sil^.? 6d,U ? r tr0 " si, P 1# Phyeful theo- 
tt* lutiini'l '““P 1 ** of such studies using 
1*111 mmm- lu P sr I»»lt1on end electron de- 

^Cd , ° fl TK? 1, ‘? l4 r or * ,U1 theory win be 
'•‘feie difar*' *P«tre of hematite and 

Voter .1 hefetlte will be discussed In 

W 5 ^1: ,«“?t1te will b. Included. The 
lie pro4arrSif ei8 i , * 1on ' "Wtl«i »"«< conduet- 
P“t into the 

* r Bri,| t»1 fraeework of understanding. 
felSUirect a>K.. <nr 1n thn Rlduct1(tn Bf 011vtne 

( IVAU) P.d. Box B0.021, 

‘■^SuL r r ht ' Tl * Netherlands 

lJ6 w«Drl L rS" C S L1ver1 » r * National 

!«bW' l ’ ,,r ” r * > 

,,r vciiJJ| 1 ]I u Sr*to the leportance of defect 
mils nf Inin Jjxsloetlon and growth pro- 
h, ‘ t«h W Palpitates in olivine 

*» lists “t teeperatures to H00*C, 

‘•control Ihi “/“z wlstures 

r «ctH» , 0 ; h ? h ^ * n foflsclty, f0 2 . an overall 

2 s,0 3 * U " BzS10 ^ 4 f * 2 s ‘°« 

1* tMucL i. the Tayellte* ccepo- 

JWoltlng a««, 1 ? 11e Phase and the 

!'*■ *1]lM reacts with the ■foitor- 

c, *leo e«lv*a U ^ r<lduce Pyroxene with gaseous 
2" r ®r thir;.^M V,ri ™ oechanislle p»th- 
thttron micro.™' “? n * r< "Ot unique and our 
Jf'O’ts betSHi^fi ‘‘ ud1 « * h o“ * warled dlf- 
surfjc* "Icrostmclures developed In 

i S' *s an ,nd t,,0 ' # Naaper In the oll- 
*,!« hours SJTl!* «t 130D-C. fOs -w ID- 14. 5, 

?1*S» (zero to l? J! !? 3 ( e ? J ,n the surface 
lt q 7 '® « <*«epi to a density of 
‘[oni of u, Srtvff.jNPth. The everege dlmeh- 
la x n u , e Particles In both regions 
"'rt.1 »■ The reduction 

Jftthe liJdlM L to . p r ,ced » Iron In the olivine 
SlJH 1 * #SliJVK5? 1 - rl «*N Precipitates In 
k alto« S'iIV 1 ! «wpared with eore 

&i £!!?“! «.?!! ; c? . M/Fe ' 1/3 »- *■ 

Li'thloaatrlc with 111 5 1 °” v1na ■“»* he non- 


Jjo'thlc^trk with olivine aust be non- 
hri^^tlDail ^n h fkS* 9rB, of l»qtto«chlo- 
toovroJI^ 0 the amount of. precipitate 
B *»y P av?dSI7. w fJ fo V Bd 1" the sample ' 
fori5f, J,,1 «ne# of*!! th *‘ o'fiht be Interpreted 
rBrB Ulon In u^^w^^Phese was bubble. . 

l-ahoralo^y m‘3L th * Llwren0 * Liveroiore . 

3 onder contrhet ;nuab»r , .• 


CTgp MUbdtTIDM OP FLllin S WITH APPLICATION 

STEVE K BRA W E g, Lewrtnea Uvermora Katloii] Ltfnratory 
■ J!L ,l W r ^muUUoa cf U qute by the Molecular Dynemlu. 

density. Th* pert loin Lntariai n|th a tflvaii nottnllil 

“Powollsl repulsion In Ihe prewnt 

eSfM?effaoli“ Th! W •«“«»» elfinlnete 

■uriacB eriaou, Tna InStLil valooltka are dltirlhiitMi «ii>i ■ 

taMwett-Boliamenn dlrtrlbulte, tta tteMp & teUliZKlo! 
is Bewfdty emilier then ■ tenth the lover* l£by a frequeaay^ ^ 
Tha neuU of the eHuiLulan !b e eet or ■eiwtihoW or 

“? •* mede over Ihe let of oonflguretkite to sin the 
distribution functions obwaoterlsiiB >t mature, Klnetlu orawtiH. 

-jar .it jai 

yarut to nal ^e ctro of the glusei end «d W dlstrlbuUra ructions 
tar the glasKii. a decrease of visooelty with iwreastnc premre is 
aWMnl Waarnonl r,he 

espwlmoirt. The mlorosooplq reason for ihi* phenomnon Is 

The diffusion moehanlim is dkmased li. deialL WMls the 
("'"•rUs of oiUons telnhidreny 
ooardlnaied by aidone end of aslsm 1-foM ooordlmted by oiUonZ 
eorne ion or hlghsr ooordlrstton number are ohaervud. Then are 
S-fold eitlons end 5-fold oetlora, wMeh are defeats in tha melt. The 
number of these defeat* Is therneUy Mlivited end dearoesei ulih 
deereftBlog temperature. Tha lmporUnae of defeote recu In the 
following observation Ag separation of e eeiluiunln n 
natrest -nBlrtbar pair. w Wab onat ooaur during dlTfalon. oanure 

jf wrf 1 tTtkm rtme end HoM 

Tt 7. ahownHow (Ms meohaniisi eoeounls for tha very smell 
lemperalne variation of conrtgwalkuiai entropy at tempaniures 
belmi 2T m , T ra being ibe melting point In degreei E, In 
particular, the Cast that the speolflo heel has no dlnonllsully sl the 
glw transition Is MpUtacd, The deoreeM of vlioosUy with 
Increasing pressure la due lo the Inareesa In numbers of Usher 
coordinated loss with pressure. 

U Is predloted that it temperatures above ST m , tha 
configure lie nil aotrepy should bigtn to grow rapidly. This Mhavlor 
wiU mimic a second-order paces transition (end II Is pccribSe that an 
sotuat transition la involved). This should be experimentally 
observable for BePg and ObOj. 

Finally, It Is shorn thal ilmllar defeote govern the diffusion In 
binary aOieate malls, end thus the prasenes of defects in nellslsan 
Important one for materlali of geclogto jntertsU 
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Forsterite and 
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provldrt a preferred path for oxygen dillunon. This 
system can serve at e model lor materials of geological 
Imereti such at may be present in th* earth's mantle. 
At 1IS0*, 1200*, and I3DD*C tha measured dliluslon 
cmIHcmmi are 3 x 10-17, I.« x 1D-I& and 2 x 
I0-1> mJ/sec which give an Arrhcnlul equation 
with D o .|0-i m7/sic and O* 3DDk3/mole. The 
diffusion ceafficienu hive conildrrablr scatter, w-lihin 
■n order of magnitude el the values quoted at rath 
temperature; Q Is ballived accurate to t 70 Vtymolt. 
Our value at 1370*0 is greater than that predicted by 
the equation by al least an order of megnliud*. Our 
g.b. tfiJfutlon vahiei are near tht lover bound of 
reported cation diffusion rates but veil above oxygen 
lattice (Dfluilon. We interpret our date as indicating a 
considerable contribution ol dislocation diffusion lo the 
bulk diffusion near the g.b., but »» have not yet 
determined dislocation diffusion coefflcenti. 

lock performed under the euiplces of the IU. 
Department of Energy by the Lawrence Livermore 
Nations] Laboratory under contract number 
f-7««NC-W. 

Ihe nature and Role of Point Daracta In Spinels 

A.H. CtStMCH . S.V. LEWIS, S.L. PARKER and C.R.A. 

uruiv (Dept, of Cheat i try. University 

College London, UK| 

Recent iaprovaHnti to both hardware and 
softwira nava enabled the extension of atomistic 
cooputer model ling techniques to coop lex 
Inorganic coopounds including ainy naturally 
occurring materials. In tnis paper va desert oe 
tne application of these simulation eetnons to 
the structural cnemlstry of oxide spinels. Id 
oegln Vila, we snow now our nodal reproduces tha 
structural parameters of a numaer of spinels and 
discuss the factors controlling tha preference 
of Fa-oaarlng spinels for tna Inverse 
structure, heat, wt will Illustrate now our 
situ I at tans may be used to axaaine tna role ana 
nature uf point defects in tna structures, by 
considering, firstly, tna oxidation or FetOa 
to magnetite and, secondly, tne cation 
distribution in the toportant magnetite - 
ulvosplnel series. Finally, we show now we nay 
elucidate possible diffusion median lias and 
predict tne afreets on diffusion rales of 
temperature and composition. 


"Work perforin ad under tha aiapfeai of tha U.6. DapartmaM of 
Energy by Ih* Lawranne Llrarmora National Laboratory undor 
contract number W-710S-B HQ-18. 1 


trolled bv Vaca 


C. ll. lntsmn (Dept, of Caoloilcel ScJaurra, 

Harvard Unlvaraliy, Caibrldg*. HA DllMl 
H. H. lieu (Champlain tiglenil Coll**., 

Laonoxvllla, Quab.c J]H 2A1, Dacaaaad) 

The cryalil acructurea at nnbara of Ihi 
nulllte aolld aolutlon aarlai c.rraapnd aiitn- 
I tally to il 11 iaanitaa with oxygen vacaatlai and 
at lean partially dtiordatid tatrahidral Al/Sl 
dial rfbuc Iona. Scruetura analyiaa and dually 
dataralnatlona have shorn that the aubatltuiloQ 
atchanlao la 7Bl* + * 0*'- ■» □ idiara 0 

ate normally two- coord loatad oxygina mhirad 
brtwa.n idjac.nt SI and al latrahadia. Snoval 
of ao O e cauaea Lha two naar.it n.lghber cat Inna 
to aaeuae n.v pnaltlona, tilled Al ), thal achieve 
rrlrahadrat coordination by hondln* to adjacant 
recoining 0 C atoma. chu. Increallng Ih.li coor- 
dination to throe. Tht coapoilclon of th. aul- 

Ute aubcal) la * 1 j , * l J! 2l sl y. 2l °io.i' bul * •*” 
pear, to ranpo only iron -0.17 to -0.3 (allil- 
Binit. haa x-0. lota-Al-O. aiy correspond to 
null ill with X-1J . 

Derailed conilderatloa nf the icrurtural enn- 
aequnncea of the vacancy uechanlin raveala are- 
oral coapoililnna Chat have apicial altrlbucaa 
with reaped Co the vacancleer at Al jOjiSlO, al 
Si2 (x-D.5) Che umber of vecaacloi (1 par 2 lub- 
calla) la equal to eba ember ef 2-coordtneted 
O’* rauinlng. and ordered vacancy vodale are 
particularly attractive; at til (x-D.STl there 
ate 2 vacant iai par 3 auheella and all rwtnlng 
0,"« vutc he 3-eoordlnaiad; at 3 a 2 ttha cuxpoil- 
tlon about which natural nullltai cluitar) that* 
la 1 O c vacancy per * aubcella, and an ordarad 
vacancy nodal can bf ganaralad that haa tha axe 11- 
aat auparcall nf any poielhle ordered nodila for 
coapoaltlons from 111 (allliaaolte) to 3r2 nal- 
llta. Hull it* core UyOj-rlch Chan ill ie likely 
Co be vary unatabla because ion* 0 e ’a will hive 
to be i-eoordlnacad and bine* “overboodad" by at 
laaac 1 Pauling bond atran|th unit. 

Coup ular Modelling of Hlnarals 


C.R.A. CATLOH (Dapt. of Chtmlstry, unlrorslty 

Col legaTonaon, 1*1 

Coreutar simulation techniques nava had 
rot sola succassas In quintitativa stuolas of the 
formation energies of defects In inorganic 
halloas and oxides. The present paper is 
concerned with tna axtanslon of these nethodi to 
mineral systems. Me describe, first, U» 
general meUiooology of tna stmi ation 
teennlquasi Uie developaant of interatomic 
potential models Is then doscrloea. Ha continue 
wltn an account of uie particular problem raised 
by modelling mineral systems. Rib staUi of 
current potential models Is reviewed! tha 
results of recant defect s Isolations are than 
pres anted. „ 

Wo cone lose with a oiseussion or tne scope 
end limitations of too slmlatlon techniques as 
applied to minerals. 


Network of Atomic DIHu flwpl Jumps In Ollvlnq 

R, H. COND1T (Lawrence Llvetmore National 
Laboratory, Livermore, CA 9(35(0 

Diffusion In olivlna miy take plan «hw*h sewril 
possible coupled mechanisms. The mosi llktly w ««» 
is examined In detail and dlieuised. It appears that a 
cation moves from on* normally ^P'«4 
next bv passage through aetwal bitermefflatr, 
Interstitial ilias. Tha ^rlmtnial obi.rvatlon lhat 
the activation energies for diffusion In J* “f 

c-directtoni are the same niggeiu thal diffusion fat the 
three directions has a common Interred I sit, 
meiaiiable configuration. The naiura ol !■»* 
configuration Is proposed on \h * basts oftf* ,f?l " ul 
pre-exponential coel/lcislUl and by comparison *dlh 
other oxides also having tha oijgan Ions In hexagonal 

SStessag aga 

32m£ js-ajsss jest. 

coefficient must then •***' , '“ n * 

a favorable oxygen configuration or a small cor i el a U on 

coafflcjanl for the coupled illteon-o*y|e«l Jd»nP*- 

York performed under th,. ausplcai of 
Depart me nl of Energy .by the U*rej^ Lltmnpore 
National Laboratory undar Contract nw«r 
W-7Mi-ENG-«, ' j 


H* chat Ians of Crack Haallnx tn Olivlna 

Irian Ivans and I- J. VanamakcT (Dapi. -Caoloileal 
and CaoyhyilEal tclvneaa, Prlneaten Unlvaratty, 
Prlncat as, HJ Oli s A) 

Tha axlaiauca of crachs In rocks fa ef vajor 
loportinca In dataratnlnl their physical proper- 
llaa. Tha connect]*! [j ef eracka may ba modi (lad 
by notarial diffusion vllhln ■ closed sys tan 
I Crack heal Log) or by thr introduce ion of nan 
aalld Bsiirlal via fluid transport (crack aaal- 
lag). 

Ua are currant. ly observing naturally and 
a xpat loan tally haalad eracka In olivlna nndulaa 
fna Sin Carina, Hav Mexico and Lunar Crasar, 

Hevsds. Hsasuranants of tbo vorphology of 
haalad etaeba can Identify tht doolnanl dlf- 
fuaion pick which my hr through the per* fluid, 
alon* th* (lutd-aolld aurfaco or through the 
latllca of tha aolld. 

Natural ly healed eracka Iron lha Lunai CtiIit 
volcanic field auggasi thal tha doalnam dlf- 
fualansl path la either along lha aurface or 
through il* pore fluid. Both CO] liquid filled 
rtacia snd basalt nail f 1 1 lid eracka wen ap- 
parently present.. Crack hiallng aaana to ba 
Inter u'l.T* glass la now praam . paallbly 
Indicating that dtfluiton through tha port fluid 
it doelniilng. A second possibility Is th* 1 b- 
Muaota of a reaciton between tha salt and tha 
olivine solid alncs thl proaanca of alchsr an 
ollvlnr-saluraled at undarsaturaiad fluid could 
bi axpacied to accslarata crick bailing. 

Lsboistory taper teams on milllMtar tiled 
clicks tesult Id cooplfio hailing vjchln savai- 
al bouts al canparacural bscvrm ]0D0°C and 
ICOVC. Sire* only ZBjfhj vapor Is prfllnt , w 
Leila.'* IUI aurlsca dliluslon Is don Inin t ■ 

Crsct hasling kinetics In cl Ivina sl lOOtfC art 
roughly equivalent lit order nf Bigaltuda to 
Itosi In BllBlnO St 1 40D°C . 

Many questions related Lo crack healing ri- 
me in to be loves llgat id. For 1ns tinea, the 
efftetr of praaantl, addition of trees amounts 
of wstsr , and the pre since of nal tl need lo bi 
fur char explored. 

Bum Diffusion in HI llcats Miners In 

BRUNO J. G1LETTI (Dipt . of Gaologlcm) Set local . 

Iroun University, Providence, HI 02912} 

Diffusion of oxygao in allicacas trill be 
created frms several perapaetivasi 

1, la oxygao isotope exchange ■■ naasured la tha 
laboratory, or aa determined from Maid saaplaa, 
a diffusion process nr, aa envisioned by Horton 
and Taylor (1979), a reaction process! Evldaoca 
ahowlog it Co ba diffusion In carefully dalignad 
laboratory exparlnents and In some field casta 
will ba preaanted. 

2. Labor a c or y da terminal loos of diffusion pro- 
file! or an lnLarlahoratnty standard Amalia 
albila, using Ion adcroprcbaa (HIT and lnperial 
Collsga, London) and a proton acCotaavtor end 
(p.a) reactions (Ifni v*r airy of Paxlm) will ba 
cd^ihJ. Tha rani t a yield similar diffusion 
coefficients. Earh instrument has advantages 
■od drawbacks. 

1. Dlffuainaal anisotropy under hydrothermal 
conditions In natural quarts (Dai - 70 0. at 
800 °C) and phlagoplta will ba rtfpnrted Tad com- 
pared with feldspar hshivior. 

4. Measurement! af oxygen diffusion ll b sad X 
quarts are being mah and vUl be raputad. 

5. It la Important to assail the affect ef 

dl ffaremc water centanla In qmavlx W tha oxygen 
diffusion kina tics. Synthetic quarts 1-307, lined 
In numerous defamation experiments (Linker and 
HA), 1981} , la cwrxanily being studied, and 
will bi eoapared with tha drier natural BraiU 
quarts need in tha naaauremanlO In dataralna an 
Arrhanlun relation an 4 the different parameters 
referred to ahnva. 


Di f lua lonal Craao rhsnomaaa In 


(University ol Ulih, Salt Lska 
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Kall-dafinad asirlnste dorael statu esa ba 
. astsbllahid fn palycrystalllae axldsa by dopisg 
with soluble aliovileat cstiena. The erfeots of 
tubit list local cat ion dopants (t.g. ft id M|B. 
Fa, Ha, Cr, Tl, FarTl and Hn-Ti la AljOll Tl in 
TiOi) an Mss • Ixanspart proesaiis vhlch are 
impoitiat In thl 'diffusions! creep Of psly- 
eryitillina oxides hevt bean avxlnstad. Wirt tha 
exception or Te additions to 710] Bad Cr ad- 
dlllm te AI2D3, •>) dopants increased dif- 
fusions! map rsisa by snhanflng either ealion 
laities nr grain boondsry diffusion; In tbs ciia 
of Ta-dopeJ tut ill, dopant sddltions d sprat sad 
dll lualonpl crisp. mas, skill in tha paas af 
AltOv, chinmiim additions bad nd affarl. Whsn 
: lattice diffusion Li dmtaldiiably anhsntsd and 
. gcaia boundary diffusion Is lldltqd, dlf fusloMl 
crisp can ba rita-linlEBdby lntarficial dafscg 
react loos . at graih boundaries (a-|. Ti-daped 
Al'jh). Di»s last , imparl till iwah as F» 7 *»d 

M»S' emsidaribly inhqnca.eatian grain banadsry 
dl f follow In Bolycrystalllns A*a°J - 
Blind* dlffvslonsl cblsp thsor* .Mil 'b* dis- 
cus sad for polycrystatlipa Ionic inlMs whjsb 
; takas into coos (dsrsf tea coupled loyi diffosiO* 
, pad leterfacial daf«t r, actions it grain hored- 
arfat. . ' . 
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fpUoVBd r«M oi oxygen tiim fig Rato to Minerals, 

asr. ^ &.•; b.b. .homb j (wt*** * **** -»•««, * 

a U c “?“" “ , "* w ' 


This paper dlicusaan tha gsxarsi theory of 
naxp ia non metala toy dlsloentlan. moLloni 
eantsasca with tha situs don in oat sis are high- 
lighted. Tn metala tha activation energy Coe 
cricp by kink control led nachaninu la tha mn of 
tha hlsft forest ion and migraclon onarglan. For 
creep by citato cnntroll ad DBshanlama Che activa- 
tion energy la tha sum of thn Jog format ion 
energy and the activation energy for sslf 
diffusion nf the rat* contrail 1 pg apaclaaj in 
metala tha first af thass tins la email compared 
to Uia aannd and am tha activation nnargy for 
climb controlled creep la vary rloaa to that for 
aolf diffusion. In non ratals, however 1 point 
detects, hinka and Joga can owlet in ebargadi form 
ao that tha concantrafclonn of these dc Tacts, and 
henna Uie craap races, era saneltlvm functions of 
tha raral snetgy. in narrow band qap mineral a, 
such aa many of tha sislpdikdaa, than of tecta are 
raiatlvaly lull. Kowowac, tn tha wlda hand gap 
mlnarala, aocb as tha alLleataa. largo vaslatloau 
in tha Pasml level are poaaltola leading to 
dramatic changes in cresp races. Since Uia 
activation Bnirgy for creep In non mate la la a 
function af the Parml energy It followa that, la 
partloulex, tha activation energy for climb 
cent toiled craap ns ad not avan ba approximately 
equal to that for aalf diffusion of tha rata 
controlling special. Examples are presented for 
tha Important mlnarala, quartz, olivlna and tha 
teldapara far al Lust Iona whace the Fermi level la 
control lad by variations in tha axygan fwgacity. 
Tha teldapara provide u important axaapla where 
Kroger -Vink approx test la ns of dilute concentre t lean 
of print daracta can no longer ba adopted. 

0IYQEN DIFFUSION IH F1 HSTE8IIE AMD DLUiHEt 


0. JAOUL, B. Houllar, C. Bottet (Lacorltolro do 
taopnyslqu# at Geoajfianlque Inlsrfli, 

Unlvsrillo PdrlS-SuOy 510, 9140S OBSAlf 
CEDE!, FMfiCE). 

(ixygsn self dif fusion toefflclsnti mere 
oeatureo using tna ,B 0(pp) ,s N ruction. 

Sons laportsnt t«cnnlcil Inprovemcnti bare Man 
Intruiucaii yielding more raallstlc vsIuk of tna 
diffusion coefficient* D. In an is^artanl 
improvauent , we net* studied tha ensnnsling of 
the Inc ideal protons In the lame* by th* 
Rutnarford bsct scattering 1 pec Ira of prolans; 

IF aiperlneiilal sllnwancei era not nsd* too D 
values aiy oa ovarasttoBtod. Our asflnltlva 
results in forsteriLo snow umL uio oxygen self 
diffusion la Independent of *a e . Tnii result 
U coniisLani with tne ex (stance of 
predominantly Hg Frenxel defects and indicates 
ihal doubly charged oxygen vacancies are tha 
relevant defects far oxygen diffusion in 
stolen tons trie loreierttn. Pre lint nary ri suits 
For oxygen diffusion In Iron bearing oil vine 
snov tnat D nai Uie same order of magnitude and 
probably depend 1 on P02. In addition me nave 
davelcpeu a new method to analyse short 
profiles. It is based on tne Hulnerford oact 
scattering of 2 Here particles an ten has 4 
greater resolution tntn the '^Q(p,a ) 
raacilun, {Forsterite, diffusion, oijgan, 
olivine). 

A new apparatus for high pressure atadlea of 
analastlcltv at asunlc |roguanc|aa . 

H. E. PATEP5CU PeBoarch School of Earth Beiencea 

Auatralkan Rational Unlvaraity. Canberra, 

Australia 

I. JMMON 

A nev appaxatuB haa Lain cauusclal which 
facllltstal oaadurenent of both ahaar codulua 
disparelox and attenuation lf> rock aamplaa 
auto ) acted te low-anpllsuda. sakselc frequancy 
IJp-l-Uzl toraienal sucssai undar conditions 
ef high cor fining pxaasuxa (to MO KPa) . Tbs 
maasiuenent tachnlqua la nssantulljr that of 
Brennan and Stacey Ihalnre KB, 320, 10771 
nodi fled for ultisata ateultanaoui hiqh-praaaure, 
hlqh-tanparaxura operation. Baiultlre capacil- 
aciva diaplacaicant tranaducera senltoc tha 
tnitlansl strain* in both the cylindrical rock 
aarplt undar taae, and in an alaatlc standard 
■utojactad to Cha aars torsional mass. Blr.es 
tha Istlor strain la ^ropcrtienal te tha applied 
■trsia, it la possible to censmct atraaa-at-rain 
byatareala loops. The alope cf tha bijm aria 
of tha hyltsresia alllpaa yield* tha fraquancy- 
dapandent shear modulus whereas tha loop axaa 
measure the spoctfle dlaalpatlan factor . 
Detacninaxlon of both modulus dl spare len and 
dissipation provldaa a ecnaiatancy check on 
phaneennologlcal thaarica of analkltlclty. 
Pcoqtas* In tha taatipg and calibration of tha 
new apparatua will ba dascrlhed. 

CratP of Wjdro1yt1c»Uy-waaVened Synthetic 
frjii*It Lrylti Is: t fleets Of hyflrosyi arwl^lthcr 


S. H. tlRBT 

H. t. lilR[j| I both at U.S. Geological Survey, 
Henlo Part, CA 9402S) 

He cetpraited In ofr a suite of synthetic 
quarLi crystals at ■ constant force 
carrenondlng to s uniaxial streis or 180 HPa 
and ■ taaoorature of 51D*C. The crystals ware 
chaotcally analyud for trace ale rent! and 
showed tha following ranges of fapurlty 
concentrations In atooic ratios (x atoms/ 

IDS si atonal: OH 70 to 43DD pen. Ha 50 to 
1290 po«, X 10 te 400 ppm, LI MW 270 ppn, Al 
70 to 4W ppm. Fa 3 to 55 ppm, and B 50 te 
170 ppn. Transition ntals other than Fe ore ot 
<5 ppn. Oriented right rectangulor prisms ware 
coipressad perpendicular to (OllO) and also at 
45* to a and £r Creep rates for both sats 
of exparlnonta Increased linearly with 
Increasing hydroxyl cone antra tion. Crystals 
with high Fa and Al concentrations crept at 
unusually low rates cotptrad to undoped crystals 
with about the lire hydroxyl nine antra Lions. 
Creep experiments on sarples coipressad ot 45* 
te a md £ and at texperaturei bat we an 400 
jndBM'C led kata that tha activation energy 
for creep varies botwean 22 and 39 teal i/mole In 
tha a-quartz itsbility field and 8 to 22 In the 
|. quart! field. Crystals coapresiad J.(Q1101 
dlrpliy aurtadly higher activation one rales for 
craap than above. Thl a strong creep anisotropy 
Is similar to anisotropy In (apart ty diffusion 
and lank conductivity In miartz and suggests a 
craap anchintsm Involving dislocation glide 
coni rolled by dtffiasIVB drift o r lapurftlns 
segregated tn dislocations. • 


F. A. ffl&B . Utparioont of Materials Science, 
linivariiVy of Soutnarn Ciltfornla, University 
Park, Los Angeles, CA H0WB-0241 

. fonutlw in crystpllm* solids *no 
IMir effects on physical praparUei am 
revineo, paying atudtlon to point dafccts aa 
Mil as ax tenure defects (apaar plaMf). Dofret 
ciMBiistry dtscrIMi nefoct fomtion In tuw or 
oafeett as nil at stems ana tons ih ire crystal 
and In adjacant phfiat. Olf ferencei hatwtaa 
tinny and torn'iry canporeds ara potetH out. 
Tedhalquas for o«Wmtel|ig;dofict .structures are 
described. Exaoplas ire glvao for phra and 
aboad binary coapouadi (TiDy, AljOi, FaV)*) 

-and tamry compounds iBatlUj, PSTlOj, P1MO4, 
PbMoDq, aao LIHnWy, ano Kg^SiOq). 

'*|(PTt deppS^Led oy th* U.S. Dependent of Eoorgy 
umh Contract Ko. ASOi-78-SfOOlU?, Projact 
Agrqmnt AT03-76 Er-71M7i 


LUMA, ARTOMIO C. CDapt. nf CsoaelamcM, The 
Zmnaylvanla nuts Onlvnrolly, VnUarait* Park, 
pa i«oJi; 

; frapat ondatataadlng of po^st dafaata la 
mlnatala iq arltlcal lo thn atudy nf psay 
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gaaefaemleml pnguui. Th* relation batvaaa 
oxygen fngaelEy nod Ilia detect structure of 
■toBtolo la nnsenclal In Incmcpreclng the 
Intrinsic oxygen fugaclty measurement! of UA) 
pi turn I aye teas. la particular, dUcropsnaina 
between eh* Incrlneic fOj valuer and those 
predicted from natural buffer asa collage* ate 
related to the thermal behavior of defect 
concentratfome, Defier a are casaatlal In (a) 

Che boBogenltatloa of zoned oryatali, (b) tka 
alteration of tba eeapaaltlon of minerals, (a) 
changes In Ula ardix-dlooTder atalua or CattB- 
hcdral catlena In aluminas meats*, (d) the 
reaettlng of rad lone trie -igea, (a) leocope 
equilibration, (f) creep In the earth 1 * untie, 
<*> formation of euoluclon laaellae, and (fc) 
the growth sad dissolution of oloorala. The 
flrac four euaplle U-d) are related to tho 
gcnorol proceaa of talk d if fueled, which Is only 
P°«elble dun to the ealntenea of point defect!. 
The mm. fair (a-h) nay bo controlled by point 
defect dlffualsn or by yet another type of defter, 
ext coded defeats, e.|., dleloastlens. SyntanacI- 
eaefen of dlffnsloa data (both tricar and Utar- 
dlf fusion) for minerals eon bo dooo Xf tho defeat 
struct ore la properly understood, finally, tba 
proper tree tone of polar leot Ion due to point 
defect! will be needed to nodal the it rue turn 
ef eUlcaea noire. 


tlaelrlonl Studies or Tram it Ion Natal Cation 
Distribution in aolnola" 


V— P_- bMOH (Dipt.. Of Hater I ala Selenee and 

Engineering ead Halarlsla lee. arch Center, 
Korlhuestorn University, Evsnnton, IL 60201) 


Cation dlatrlbutlons of transition natal 
□ell no* In osldo spinels sen be inveatl gated via 
tharupeleutrla soefflolont neeauramente over ■ 
broad rsnan of teapersturaa. This la uada 

posoiMo bp the jo ill polar on ■hopping' of abirga 
“■ rp *"ra botwaon dilTcront. valasos atataa of a 
glvan transition natal Ion on equivalent 
oryatillographlo oltea. free the themopowir. ■ 
valoaoa ratio can he dalerulned fron which the 
overall oat loo distribution ten be calculated. 

rfa 0 *'. rr#a Mh *" h tha notion 
.V’. rl ? ut,DB thareodynaalBa war* asLablishod, 
will ba r vvl sued. Farrlla date oL lou 
ln a * al "m« fojQniKo where 
• **8* In** and aloe HesCo“* and Hn' 4 
0 cm Fora to aodal predlotlona Tor dlvolont rorelgo 
notions with tetrshodrol or oatnhedral 
preferred, assuming Uie iron dlatrlbutlon lands 


, . ,, • • mute on cenoa 

to Inter aa. High temperature <> 1000®C> results 
Tor divalent (Hg< 4 ) and trivaleat Ul3«) ootlena 
also behave more or laaa os oipeated, assuming ■ 
° r lron oatlona beluien 
aublettleaa. High temper eture dale for tl Lanina 


--- Pam B iur uunioi 

fair Ilea, howavar, aehlblt a pranounood tendency 
to fora clusters enriched in Fa** about TI* 4 - with 
the enniinuou* aetrla enriched in Fn**. The 


possibility of eiiending the theranpouer approach 


■ : . hnorappover approach 

loalodyfngoatlondUtnbutiooa In Co,o,- and 
Hn,o 4 -haaad aplntle will be examined. Cogalher 


Hn,Oq-haaad aplnsla will mod, gojolh.r 

«h. k’.S 0 "! 1 S r ! tl8 " oth,r alruoturea for 

?rell«Li«. T 1 * hL . t ’* ■PPH««Ma. The 

application of thereoalcstrlo investigation Lo 

° lh " r fC,Jrl1 d «»>to Phenpoona will ha 
brioflp dismissed. 


Folni tefaetbj. Hlnoral Stability. and Hloh 
FrtHura Sin cate Pham 


A1EWCW MfROrSKT {tap.rtrqnt or Chemistry, 
Amend Slate IW varsity, reaps, AZ 852S7) 


Ihe si or Anhydrous phases occurring at rela- 
tively she How depths fn Use earth (olivine . 
pyrtMfne, feldspar) and In tha can Me (garnet, 
olivine, spinal. perevikUe, binary oxides) are 
reviivad In terns of stnicture, crystal chwnis- 
try, Md possible defect types. The ml* of 
high pressure Tn stabilizing structural of great 

ra 9h ip 7 n#lr J’ ,s dl«cu*aed. Prahlaoi 
re idling to the oxidation slate of Iron and the 


Stl'duIiflS* ««**«■» “ Mob T and P 

are dlscusud. Th* role of substitutional dlp- 

*■ itabtllzlM ifllcatB phasas al high 

nTi?KLi‘." ,t "! B f , ThB **•"'*, 01 both 

ll-lll charge Lypas (alimlntas. ferHlai. and 
nugnitlta) and Il-IV charge type (silicates, 
tltanates, and gareanstei) orfer ajiwpUs of tha 
lfc if r ' bBd ,bore “d their relevance to 


geologic problems. 


Effect of faint Dofec i Concaatr.cfc 

OUlualon in Olivine. 


HA y* u!! 1 ^ ^ EadiotzcLopB caacra, Dolvaralty 
of Tokyo, Voyol, luakyu-ku, Tokyo 113 Japan ) 


Dlffealvltlao af divalent cations to olivine 
euuaet that tha 
bolh atarle hind recce led dtnelcy of 
point defect which to induced hy lube tl tut Ion of 
eattau ara oparatlvata dataralna the dlffuaivicy. 

The dtffuatoa taafflelaata of Bl-Ml. Co-Ha and 
d«Ml»d i h “ lr ? llVln * " 1W lolotlooa rera 

of Hi and cs la furatarlte and ,Ce la taphrpUa 
ware dele reload by tha no a or Z *5a. Ca ud B “co 
tracer a, leapacclvaly. “ 

Sh* dlf fualvltlea of Vl-Hg, Co-M« end Hn-H, 
^-a*. with oooc.etratio,, „ r dilfualog l„ 
Ceahlud with other pdbllohed multi , the 
f^i 01 ra0 *'’ t» ardor of Ko-Hg > Fa-Me 

>Cb-Hb>HI-|||. TWi order la parallel to the 
“f “ ll c * u paraaetare la thnlr oUvlaa 
Mild eolmUco aarlaa. It woa su U eetad that 
tha rata of fomatlou of point delict la olivine 
lactaiifa with lacreaalag deviation af cryztel 

1* lnll “ c,d b J auhotltnllon af 
treultlu natal for K| Ion. 

lac reeo lag delect daoalty night thought to 
lha dlffaaivltioo of 

s^'-i-jss -s 

famliS “ Uh lhB °*P* et sd order of 

ScriMn ' ih,ch *■ * 

On the other band, the larger ionic alae would 
produce 1 waller dlfluolvlty, aioca tho atarle 
*"•“ *h* atm tut a and lea would hinder 

to ^fa l re“c^ D, ‘’T^ ,, dUfu * lvU1 ” *«reaio troa Fe 
Iim. i C #1** r# “ Ua “II" 1 that tha atarle 
«fr«ei alio affect Ihm dfllfuBloq. 

to auBBailsa aur interpret at loo of tha results, 
£ ll " dHfu »‘ vll f la Bov.med 

y t * ro factor*, l.o. tha ckooga of dafaet 

danolty and tha atarle hindrance. 


Hha Solid- electrolyte Trannlttm mj 
CaCHchaaleal leolicitieM — ~ ' 


yF ecfre (nopartaaat m Chaalatzy 
Arlocca Sta to Ualvereltv. 


Btata tin Ivors lty ( Tenpe, ai BS2B7) 


“ *V** 11 h" 01 ™ •*«* solids Irena lore 

to a high tampan tun solid aUta la which - 
the lento candooUvlty la cencu rafale to that 
la^lapto lonlo waits, la Uila abta the/ are 
Xamravariausly aa solid alaatiolytaa, fret- 
ton conductor a or a up. r I on lb . ccndwtoza. Tha 
of tho trintlUea. which rey 2T 
fi*« order or Ctottaoeu, true the poorly 
pond gating to tho conducting out. will bn 
nvicwfd. 

tt* kins bio and tfaenex^naala piupactl.a of 
MlU aUatjolytam differ la aoaa iiStr leant 
"J* f™ **■■“ norepi nyeteli ud thin 
^ ato «*w»nt whan daaltog with 
• transit loo. 


*** £! f lM macfsdiu *to-re loeI3/«“ n 
frwaavoiy »H let re aad. anofa. ef tha daii*r V 


oMv ihaare propoand ail tooeihla eoaatitureta 
of th* lower renUa. 7 


toe s true lun I properties of nlnerais. Hll 
etstnilal to mail me perfect nlnerei 
structures before urn defect processes ere 
studied. Tne work presented here shows the! we 
can now correctly calculate the structures of a 
vide range of alnertls. Including a number of 
silicates. 

Our opproacn Is bated on tha serf vet Ion of 
potential models from whlcn tne predicted 


structure Is calculated oy energy alntalsatlon. 

Tills ltuoy was primarily concarned with ortno 
and aela si lie ales and we will sl»a that we can 
(I) eodel the distortions from Ideal or 
cioia-packed structural due LO tha presence of 
different cetloni (it) d i serial nit e between a 
motor of spa-e groups with tne sane formula 
unit ( 111 ) calculate tne effects or pretsure on 
IMalneral structure. 


Tho gotura of tho 
Bvdrolvt leallv-w 


I. 1, PATEaflOa (Rreiaroh School or Earth 
Scluncao, Austral lan Ba Clonal Dolvaralty, 
Canbarra 2600, Auatralla) 


Tha phnouanolagy of hydrolytic waakonlog In 
quoiti will ha ravldiid with ■ view to dnrialng 
coao train to an tha ootura of tha dafaet naaoel- 
atad with tho wukaalag. Haoy of tha obaarva- 
tioni have bare puhllahed but aoaa meant uopub- 
lizhed work will alio ba cavarad. Tha ohaorva- 
tlans cooprlaa attaai-otrala waiguiiaanta aa a 
fusel lou of tcoyaraiura, praioura and wator 
aavlranoBBE, infrared absorption observations at 
r™ taaparatura and low Euparaluro, atudlaa 
Involving tha pEaeipltacluo of vatar frm "wot' 1 
eryotala during anoiallng, and uiudry othsr 
ubairvatloao including dlffnalan and other spec- 
troscopy. kaoent nggaaciona by Kirby and by 
XcLaien, Chat a dafaet ll lovolvtd which coaalou 
of four hydrogen a lore aubacltutod foe a ollleen 
acre ia tfan quarti Otrucrura, will ba particu- 
larly dlacuaaad. 


StB Daalxfaa lo Cry a flu 111 and Kaltan Mdi a 


V. I. PETUSKET (Dap.TCB.ac of Carule Eoii- 
naarlng, Uaivaralty of llllooli, Drbana, IL 
6 I 8 OI 


Cations la Initially haooganaou*. oxide solid 
aolatlana segregate under tba Influence of Im- 
posed taaparatura grid! anti, oxygen potent la) 
gradients and alacirieal potential gradlanta. 

This vccura to a | Baaaurabia extant only If thato 
U a ret flux of aoai chemical or lattice apaclai 
Tllallvi id tba canter of man of tha malarial. 
Far transition natal uxldaa, thli Involve! the 
flovol lactlaa dafacti, vhara danlxlog lo doa 
to tba different dirfuolvKlaa of tha cations, 

In soil in olllcataa, an oxygaa anloa flux leads 
ca damming duo to tha different "Irlctlonal" 
lataractiBBB of oxygen with tha cationic npaclaa. 
la both tana, tba aapply and removal of oxygan 
at tha axiira.l aurfacaa la an aaatstlal boundary 
coodltlon. 

Cotfeo daalxlng la iron almlnace spinal* under 
the aeilon af taaparatura gradlanta and molcoa 
lead il lie* tea ln oxygen and electrical potential 
gradient! axe diacuaaed In dacall. Tha situa- 
tions at Btaady note ara misled to appropriata 
traoipan paranrera, namaly, dlffn.lon coaffl- 
clanta, iren.roi.ar. nreb.ra and alaetrlcal coa- 
ductlvlilaa. Blailat bahavlar abiarv.d In ocher 
ayotami ara brlofly deicrlbod whara appropriata. 


E p.tnna nlil Evincnce for an Effort af rremwi 
tnvironnont on tne Craw H a Te 5T (iHvlna~ 


p.L. KtCpULT 

U.l. aCHLSTEOT (flam it: bepartmant of hataruls 


aa. vBHHlb'iiimi UT nfl»ri|l 

lihtca* BV d 14Hj" e * r,nB ' Cflr ' 1811 Un,w « r »1t>. 


Tab creep rats of natural olivine Horn ban 
carlo* - (F», |Ng.g)£10g - no* Hen shown to 
oenBui on tne partial pressure of oxygen as 
■ .Conversely, fori ter 1 te does not snow 
suen a aipendance. In this stuoy, natural 
olivine tingle crystals annealed eiiner in 
enutatlte powasr or in (Hg Je 1 J 0 ureiisr. urasr 
control led partial pr.stJiVoiygen, wire 
i n .?W rMI,#n fllon 9 thB l *01 Jr, 
MioruitOD runs ware carried out at 
tapvalurei near 0.8 T-, unaer strasiui 

Noil" 3 r 20 l V 0 ***' ** an «1<MB 

UOIJc. the crystal* previously annealed in 
entatlta uefoni one order or magnltudH faster 
SHJf™ " n «lM ,n (Hg.FejO. Similar 

? expo rl rents on forstertte crystal* 
oriented along tne tnrae same orientations are 
in progress. PruMatnary results tnolcata tnat 
buffers nave little or no affect on the creep 
rite or for* ter l to. This different oanavtop 

th !r ,nl control hng^tha 

S'?? 1 .*? during creep are dirfarent 

In the two materials. Point oerect oodel* 
const stint with tne creep oeta will be presented. 


TI? h .lZ e r per ? t Y rB jUlSEklal P roperty of 01 
— 9 - e Crystal* with Varying (Ltt nw FiMagrt? 1 


aiMM SATO 

it: 0ce,n Research Institute, 
Jap*nJ* ,tJf ° f T<,ll^n, H1na * ,1da i. Hakano, Tokyo 164 


55“^ ** a P° ,nt *foct chenlslpy or olivine. 
f «* 9 f °Wn fugaclty on the ac electrical 
onilM Hfiir du ' l ! n f“ ani ca Pdditance) of 
hr hta.ilUSre cr »* ta >* measured with a 

f^fTi.J 1 r J 1- ThB BeMure tont was Mde as a 
tunc lion of frequency of 0.1 to 1000 Hz and 

[fKS SalSfSi b,\H"ng ratio 

s: a atvitiauiB a::s a " h 

In the measured frequency and U opera turn raM a 

IrerSSSiSl 1 *"" of olivine Increased with ^ ' 
increasing oxygen fugaclty. The Increase of th. 

Si P hiisf nC T * ,,Ul lll/9,n fu B ae, U' 9»t rare dominant 
flnalf^ihe'SSreiil^ ,nd 1o>rtr fr «I>«nc1ei, and 
aMdM'c mS n S ^ P^NwUomI to POgl/fi 

si iwu c and 0.1 Hz. This observation Is 

Nhleh’^hW? y 16 ,ffBct of 1on,e P° ,n k defects 
witch are blocked or partially blocked at »ec1n>n 

Ionic carriers appear to 

tS!Si!l f ? aac,tJr - U* other hand, 

aleel^n ‘Sfif! "eluding both Ionic and 
electronic conductivities was alwsl Independent 
fufleclty In tha present reasuremant, 

Jh ere fore electronic carriers an l decrease with 

iBffftaK J u »*5 l 5 y * d n unn] ° ut ,h * 

1on ' c fdinl defects. In other words, 
ngneiium vacancies increase and electrons 

* E wsure«ni” en ru9Kl ‘ jr ,nerMMS 1" ‘hi* range 
The ordinary ionic conductance naiurements at 
* voltage or at find ac voltage glve/nly ihS 
contratI B ti C th2' 1 Bl,ctron1c Mnducllvltles. In 

sussVi both 
w1tt 

electronic transference nuid»rt of mlnerala. 


Sajgtjga jctlvallon 
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iagaUBJg nimeral grysta'l SlrwctyrqT wlKiij ‘'^tloq 

iw. , ffiTC'2,«5« carss^ 


conpotar slMlatlon tedMlquds that cab 



ano lower estimates for the variation of 
viscosity with depth In me earni's sianLla. 


Ullvlne Electrical Conductivity As A Function of 
ujygcn fugacTIv 


H. II. henock . (University of California, 
Lawrence Livermore National Laboratory, P. 0. 
Bm BOB, Livermore, CA 94550) 


The electrical conductivity of olivine 
containing about 10 * fayallle from Ivo 
localities (Bed 5ea and San Carlas) has been 
determined as a function of oxygen fugaclty 
(fOy) at 1200°C. faith tho f0 2 . 1 

stability field uf olivine, the 0 of both 
olivines charges from no fOy dependence al 
low fO z to a positive slope between 1/B and 
1/6 with Increasing fll 2 . Consideration of 

the calculated activation energy for 
conduction, the optical band gap In the 
presence of Iron, and the activation volume and 
conduction lead us to the conclusion that we 
are dealing with Impurity-controlled 
(extrinsic) electronic conduction, dependent on 
the point defect state of the material. 
R Moving oxygen rroei the crystal creates 
defects, whose concentration It dependent on 
rtip. Analysis of the conductivity data and 
the result* from creep nwasurements as a 
function or f0 2 Indicates that Hg vacancies 
pldy a major role In both processes. The 


concentration of these Hg vacancies Is 
controlled hy Uie amount of Fa* 4 In the 


5^1*1 which. In turn. Is dependent on the 
•“2* The elecLrlal date are consistent with 
conduction by an electron hole associated with 
Iran In cation site. Creep results ara 

dependent on the concentration of magnaslum 
vacancies. 


Hark performed^ under the auspices or tha U.5. 
Department of Energy by the Lawrence Livermore 
Laboratory under contract nunbor H-M05-EMM8. 


Role of Point Dofects on 


T. J. SHAH* LAUD (Lot Alamos National Laboratory, 
Let Alamos, HH 8764S1 

R. It. 5CH0CX (Lawrence Livermore Laboratory, 
Livermore, CA 94550) 


Point defects affect a variety of physical 
propart Us Important to geophysics, and for 
transport properties they are Uie dominant 
Influence, Theories of point defects have been 


used test widely to understand the high-density 
ferraxagnoslan silicate minerals or the upper 
mantle. In part because of their vo luce trie 


abundance and In part because of the relatively 


rapid approach to thermal equilibria In those* 
■aterlils compared to more Sl-rleh minerals. 
Olivines pyroxenes, garnets, and spinels from 
the Bintle can be regarded as dilute transition 
ratal oxide solutions In a refractory oxide 
matrix. To understand these minerals requires 
brooder approaches ‘han a single branch of 
Mter alt science ordinarily arrord*. Further, 
the lime scale of geological processes usually 
dirFers greatly froo that available In the 
laboratory. He shall Illustrate the geophysical 
applications and prablans In using point defect 
studies In relation to electrical conductivity, 
optical properties, elasticity, and anelastlclty. 


^jicneiQ 1 C * >nductt<> n ln SHSa «"4 W oordered 


HAMT L. TULLER (Dapartuanc of Materials Sclnnce S 

S5KSS7hr^ 2T“‘ ,nitltut0 of Tochno1 ^- 


Blactrlcal corduciivlty In c.raolci and gln.mn 
covets over cwoniy orders of magnitude fran Iho 
Boot Insulating to the moot conducting of notarial*. 
Low iayms of lapurltloii nnd/or olnor changes In 
itolchlonocry often re lull ln e»lly dotoctnble 
changgi in tho conductivity of such nstorlnls. 

High lonilclvlty coupled with tho ability to noni- 
tor ln nltu c hangs J ovar « broad rangd of toopor- 
sturos and pres sunn render ouch noasurenonts Ox- 
tiensly valuabla In charactorlxlng tho dnfoct and 
traniport propnrtlns or cnramlcs and glasses. 
aniJ rf'i", Y ll ' u,t ™t1"B kw. with tho assist, 
anon of dn fact chsaical prlnclplss, slaccrlcel 

SJ'Si!? b * u « d « lndontlfy 
Mil ‘ 0,rlc * nd nlnccranlE darocts In a panic- 

whi r N 15, h tB * BB wel1 aa tho thorsodynnnlc quant It Ins 

U FSnh™ ter ‘“ ,b ° iT f “ mer * tl0 ° * nd aisoclation. 
Pur them re, extensions of this approach are 

? d? ta obtaln doftek dlFruslvltloi over a 
wide range of Jef.ct concentrations. Systaus 
c hoses for Illustration exhibit a reasonably 

Jta P wwi«" r ? 1,ir dofBCta 50 ,J to d on on j 1 rate 
inn potency of such an spprooch. 


ni . 7 . an oppronch. 

Tha nloctrlcai chnrnctorliatlon of polycrystal- 

^ the buu It crs. 

wto I ntnnrsls nnd of synthetic Inorgsnlc motarlels 
nay bn consldornbly corticated by dlsporslon nhnn 

oeanjoccorring at therein bo.mdxrloS ^ 

ot conplnz lopndsnco techniques, to doconvolutn 

tSSSX Fr °' bu “ ° rf8 “ s - 1b krUnTSlMtoMd. 

Bnnult. for matorUls In which grain boundary 

bulk % p- 

ortloi ore choson for Illustration. ^ 

r] i£rr^ 

- 

lotili S f | F ‘ *? 81 “’ BB * 11 prosantad in ro- 
loproving undo re land log of Intor- 
oodlate range order ln such xistarlals. 


ESiSSSS™" 11 - co “ 5cr ™ ^ 


llBU A. TvfanrezT 

n^!! '*! hspnrtnont or O.ology, 

uolveixlty of Oregoa, Esgene, Otegso 97403) 


.1- «" 1« fraqn.Bny AC 

; niHll,,, f 01 ••"«! basal tla >nd 

sri'i, -•■■•c ..M 

•t H kilfb.;! *» *h0nl 1.5 .Y 

r^Su^ssr^s; 

mm”:: ■s.Ts5£5V ra 

•* .hloh .h. ..ti^tio! .s* 


dspandiios if Ball I ta Pran.ri 


dsp.nd.moo of a. It ooadnot | T l t . I?* P "" ,rl 

S£SS£a£*Sg. 


tafaeto In Hlmerelsi . 

□uotcal ud Pbyalc.i . Conaaquaiwom 


(hoporemant of g. r ih „ d 


Ptojiily lrv iomA Uq^rtahC rock- In 
rtopfl Alchodgh' th.lr-.ihaor.cin 


*0 pro found 


,u unveivallou th.n n « 

part cu at. tec.-oi oh^ w , «Jtta. h 
rniiilut ion itnn»mi.«l ( , n olnciro- .ill bt|B 
1.J to no undtr. landing <,[ th. n i.Y?F an ^ 
defect* can ploy « rltlcll lime 

prnceaxuN. Rom.i i-xnoplon followi “ lU * 1 

1 . Just an 1 here In , dynalc 

bp [veer point do loci an,| dl*l oe .. 1 -' ,,laa,l l> 
concnuirnl Inn, thorn can ba an ,LiL 
Mlnncc faDtwncn point and planar 
canon, planar d.f«t. wx, KSto'JSS: '‘- 4 

Involving cotidammat loo of v.r.nci.rT^ 1 

2. Anma aolld-ntnra raarelenn In .ij 
urcur by mechanisms Involving thn LSlIt 1 * 
grewil., nnd ordering oi pl UIr d.fmi J 4 *' 

Inc] udo , but are not restricted to .Jj,, 
react tona In chain nnd shell alllcltl. 

1 . In roactloim Involving grnvih n r'ni 
dofne.u, tecc.ln.tlon* of the.; d*f„j[ 
preclan niton of rencllon me. rereij “** 

(01 pips) Jl If us tan to assist ths react | fu * 
Thuu. defect diffusion rates, cMb.^lT' 
bulk lattice diffusion coofflclnstn mJ* 1 
cunt rol Lho kinetic, of .<n. , 0 i ld 
road Inna. 

4. In none .pedal ensnn, nl«c. rB . .... 
hi. pn roll. tad the determination of 
buiindary ntructuren. which are lapoct.oi ll Ph 
qunl ItuL lvoly unde re landing dIffui[ 0B1 i " 
ptapnrt len of rcckn. 

3. In Homo canon, splitting a]oni mt 
da foe La drastically altars nich.nlrel 


The Elect rical Conductivity of coa-. 
Containing a Dlapcraed Second ph^f 


J. BRUCE HACNER, JR. (Canter for Solid 
State Science, Arizona State Unlvsriin 
Tempo, AZ 85287) !t * 


Tho classical treacmenc of tha alic- 
Crlcal conductivity of tuo phait Bdrtuni 
was trootod by Lord Raleigh end J. k*/ 
wall at tha turn of the century, '« 
reconsidered In a different way by C. 
Wagner in 1972 vho pointed out chit a 
apace charge layer adjacent to a socsid 
phase particle could markedly chants the 
electrical conductivity of tha matrix. 
Recent scud lea have shorn that tht cite* 
trlcal conthjccluley of conpaunda contitn- 
Ing an Insoluble second chore con bo in- 
creased by es much as 10 s times chic oi 
the matrix without the dlapersoldi, Ei- 
amplee of lent conducting oxides coocsli- 
lng a dispersion of tnnilatora or oi 
electronic conductors and of aoltd eUe- 
trolycoe containing a variety of lniuls- 
ring part iclas will be discussed, ihi 
concentration of defects In tha matrix 
con bo altered as i*il as the mobility 
of the charge carriers. Results ace fc- 
portent ln solid state battery system, 
In corrosion product layers, and In 
geological aysccras iihlch ace usually 
nultl fihaslc. 


Cation blttrlbullon Equilibria In tarfwitz. 
HgrTTBT 1 


BARRY A. HECHSLES and AlElANORA I1AYR0TSH 
([Apartment of fhomlstry, Arizona State 
University, Tempe, AZ 852B7) 


HglljO. (karroDllc) he* the pseudobrortl U 
* true lure, with Hg-Ti diserder over nesequhilEM 
octahedral silo*. The lattice parameter* (i, 1, 
c) and malar voluiro (V) vary smocUily wlUi 
quenching temperature. Neutron diffraction ll 
being used lo dctcimlnc the cation distribute 
of soveral quorthed samples and relau It to the 
lattice parameters. 

Qualitative Information abauL the rata ef 
lattice parameter rr-cqulllbr.tlon (and prwa- 
bly about Uie rate of cation distribution ft- 


equilibration} suggests the roliowlno. Szipltl 
drop -quenched into water from 1TM-J500’C oppeir 
Identical to those quenched fr® 1200*C, immii- 
ing either thsl the cation distribution equili- 
brates In a tine on the order of seconds or that 
the s true lure 1 slate docs not change In Dial 
tempo raiu re range. At temperature* near WC, 
equilibration occurs In a few minute*, at 800 C 
In hours lo days, at BOO’C In 1 month, audit 
40Q*C, not In sevaral months. Ssoplas quwtlw 
from lZOQ’C or above have a gray color which 
becomes dartor with Increasing tsmpanatuiv M 
disappears aflor annealing one hour it /OO'C. 
Thus eloclronlc dafaet* or reduced lltsnli* m» 
be significant above 120D°€. 

Calorlmatrtc studio* sugaosl an inUialpy du- 
Toronco ef 1,01 i 0.B6 kcal/mol for HgTIjOs 
equilibrated at 1SQ0"C and 70D*C, eon*1sUalV“ 
groator dlsordor In Lho fortor. The IMW* 
chomlcel data conflrtn that HgTIjOj ll slabli « 
high tonq>oralurea only becauia of tha cmtiji™' 
lional out ropy arising from cation dlswdw- 
kkporiBenti suggast that HgTI 2 0» It •t»™ J* 
fOU'C, Implying that some disorder 
this icmnoraluroi but almost certainly Mr®* 
mclas table with rasped lo HgTIOj 4 TiOj « 
lowor lonporalura, Tho observalions on in J* 
model system can be compared with and aW |l(s 
other systems. 


Can the E l octroi tat 1e PotantH ’ 


f iain the 
vTnoi an 


G. HILL . A. Klrfol, E. Hlnio and 6. Ko««f. 
Hlnoraloglcil Instltuto, Unltorilk/ . 
West G a rainy 


Material transport In crystals 1* 
daterntned hy Uw rablTUy and the coneeju ^ 


umunuinnu ny ine raouisy ' irt 

of point defects, which can be *1****^, 
axanple by electrical conductivity ■■“JJ „ tw 
Little attention hag beon paid Id *■' 1 


Littie attofition nag neon ..ip* 

Influence or the fugaclty M f 1 " ”S,u 
distribution and It* preference 'of 14 
lattice Sites. M 

Ha began also X-ray diffraction ‘ ll S!L» l 
the Influence of pO* on tho cry iMl. g’tlr 
of ol Ivinas, e.g. the cation dlstr1bjrtl"*-. f|1i 
natural olivines from the Dreiser ggg 

we were able to short significant c"angn yj 
Hg/Fe ordering, when the crystal* j*l 

to well deflnid p0» coiwltlons m ■»' ^ 

10-*' bar rasp.. He observed an 1*t«^ .gj ■ 
the distribution coefficient K 0 j* B, 
conditions, waning higher order W' 41 . . 
and a decrease undor high pop condition** . |g- 
In order te understand tha niHa".- 

•nd/or Fe, we have studied jl | < . . 


•nd/or Fe, we have studied a *f . . 

forsterlte crystal, MB 2 SIO 4 . ^# ,5: 

chemical bonding inaiyals P r ' ae 'fJ;; Ljxjloi''' 

allowed us to deter. In* the coval»f . 

characteristics of Uie SIO4 tatr ' *y* jiifroellH'li 

at In the Kg-0 bands. The . - j 

data allow alia the- calculation of 

potential far Mlj thu* being In 

the observed finding Of Hg deCUpyW fJS— tliJ'J' 

the Ml position. The 

dirrerence betmen tho 

for* tar I ta can he employed IP 

obierved prder/dlsordor ' afreets. « v , ■ 

electronegativity differences . 

potential changes In * 

approx last Ian.- ■ .ilHr*. 


potential changes in • i-ias#*,. 

approx I mI Ion.- • ?*y .jjy -- 

Technloues 1 . Result* nnd Mf p *l u **f*^|x ' 
pf Dlffutlon In Oxides . . _ ■; 

BERNHARDT J. VUEN5CH (Daplr t^ . 
Science A EnglneerlM. -HasHthin*^ 
of. Technology, Cartridge, H***: ” * 

' Oxides have stronger bondlef jnd , 

points than simpler M 

Diffusion, rates are low Ui «g2#?V 

Enthalpies for. defect forme Ho# ofiWRS^ 

tl.lrhln.trlr r.rfrf.1 Art TOi* ■ tpl?”?!, vl’cfcrvj'V ¥- ■ 


£11®. 
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,-lznt.tlon. and the use of stable isotopes as 
KiSU reD«iis have been extended for 
lr,( * |_ 1 aij to temperature* as high as Z60D*C, 

!l«»r tt the Belting twperatura than previously 

**Mffusion coefficients obtained hy different 

JL **l‘"to™tr1c close-packed 

are genarally not In good ««««"!. DIs- 
SiiuLi.i of several ordBrs of ragnltude for a 
rjxatarlal are the rule, rather than the e»- 
J' Spurious results can arise from factors 
Irx as Inadequate control or Impurity content, 
lifite damga Incurred during the preparation 
.r surface* nn tho hosL crystal. Impurities car- 
! j bv Ihe traeor or created by decay or a ra- 
a uctlvf tracer, variation of dlffuslvlty with 
ILItloo. incomplete equilibration of a 
Ingle .Uh Its atmosphere, or vaporization of 
izttrlil during the diffusion annealing. 

Geophysical Year 

New Listings 

The complete Geophysical Year Iasi ap- 
peared in the May 31, 1983, Eos. 

A boldface meeting title indicates sponsor- 
ship or cosponsorship by AGU. 

Aug. 22-26, 1983 British Association Tor 
ihe Advancement of Science, Brighton, UK. 
(British Association for the Advancement of 
Science, 23 Savile Row, London W1X 1AB, 
UK.) 

Oct. 22-26, 1983 7th International Estua- 
rine Research Conference, Virginia Beach, 

Va. Sponsor, Estuarine Research Federation. 
(John Kreauter, ERF Treasurer, Crane Aqua- 
culiure Facility, BG&E, P.O. Box 1475, Balti- 
more. MD 21203.) 

Dec. 6-9, 1983 Second South East Asian 
Survey Congress, Hong Kong. Sponsor, 
liong Kong Branch of the Royal Institution 


of Chartered Surveyors and Hong Kong ln- 
siimte of Land Surveyors. (Congress Secre- 
tarial. Second South East Asian Survey Con- 
gress. 57 Wyndham Street, 1st Floor. Central 
Hong Kong.) 

Feb. 23-24, 1984 1 5th Meeting. Interna- 
tional Erosion Control Association, Denver 
Colo. ( International Erosion Control Associa- 
tion. Inc., P.O. Box 807. Freedom, CA 
95019: tel.: 408-688-3228.) 

March 14-17, 1984 1984 Meeiing, Geo- 
logical Society of America Hydrogeology Di- 
vision, Northeast Section, Providence, R. I. 
(Jeff Sgambat, Garaglity and Miller, Inc., 844 
West Street, Annapolis, MD 21401: iel.: 301- 
268-7730.) 

_ May 20-25, 1984 International Sympo- 
sium on Deep Observation and Sampling of 
the Continental Crust Through Drilling, Tar- 
rytown, N. Y. (Barry Raleigh, Director, La- 
mont-Doherly Geological Observaiory, Pali- 
sades, NY 10964; iel.: 914-359-2900.) 

_ Summer 1985 Colloquium on Compara- 
tive Study of Magnetospheric Systems, 
France. (Dominique Le Qu£au and Bent 
Mfioller-Pedersen, DASOP, Observatoire de 
Meudon, F 92195, Meudon Principal Cedex, 
France; Telex: 200 590 CNET OBS.) 

Changes 

May 29-June 1, 1984 Joint Meeiing of die 
1 1 th Annual Meeiing of the Canadian Geo- 
physical Union and ihe lSUi Annual Con- 
gress of the Canadian Meteorological and 
Oceanographic Society, Halifax, Nova Scotia, 
Canada. (New contacts: S. D. Smith or H. R. 
Jackson, Bedford Institute of Oceanography, 
P.O. Box 1006, Dartmouth, Nova Scotia, 
Canada B2Y 4A2.) 
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Separates 

To Order.- The order niinibei can he 
found at the end of each abstract; use all 
digits when ordering. Only papeis with 
order numbers are available from AGU. 

Cwfc $3.50 for the first ani do and $I.UO 
for each atlciii ionnl ankle ill the- same or- 
der. Pay mem must accompany order. De- 
posii accounts available. 
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American Geophysical Union 
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Aeronomy 

Tldxa, uiVBB and iiludl 

•H-nu. 7MLATI0IB OP L0UEB THERJKSPIIBRtC WIHDS F60K 
ju HILLSTekK arLL IKMHERBHT SCATTER RADAR 
a. Und (Rafitxck Obaervalory, Uaacford, 

-unthnSBU*. 01886) 

ll,lj 10 Hjvomier 1977 regular Incoherent 
lx* obiBTVxE ton* or R and P rogLon ton-dr I (re were 
« Hlllxtono Hill U7.60N) with Lho staorobla 
a ' *** * tlxed (UHP) rodaca. Data wore oolloccod 

« 0f tS **7" nil analyoad for (onoepherle 

I, ,” 414 ***lds and day tine Dturral wind* In tha Lover 
^“•Tkxre «t 105, 115, 125 aad 1J5 km. Tho wind 

character Lb tlcatly exhlhlced atroag 
0 * e ‘L1*tiona with tho ea*tward wind coaponont 
■**!»« J houri ahead of thu oauthward wind 
iteu* '« l '“* B "toLta U«d to on interpralaclon of 
lllil ^ r ?,, wlodB botng dost ns ted hjr a lonldlurnnL 
Th * ,,,nd ■ xaaaurod on J8 goo- 
R® 1 * 1 toys wara aaBlyiod ca dtCeralna 
d, F Bnd onto of the ■oatdlurnat tide ae 
usiki ,.4 Ftevelllng wind. Tho Bemldlurnal winds 
'Wean. th * f ? llouln A Renaral charaetBtlBtlcB. They 
•Iclali/ ™PHruda reaching a maxima to the 

ESu til . . ^ lrtth Lorger valuee at Lh* aqutnoxee 

daj" The wind field at 105 and US to 

Cj,., , O n tr leant polar list ion, with louchwnrd wind 

, r l fr than nantwacd tapll tudea. Ssaional 
l( W .... ta tldal phoan ware ganerally than ona 
, lrxtlur.T??J*-J n “ tch tb * toaaurnd vertical wind 
toUlmui d. e,l,t B:, F“0te4 for tha different 
•rtar* tlri . 3,1 “ de eaten* lore In the Lower charno- 
"A*ur»a «**» toflnltB node Identification. The 
liliod. n? rl 1 . totoleottho (80-120 to) and the 
«!>i . “xloin aoplltude were In but agresaent 

JjL “*4e» while tha renpo return/* Ind ratio 
of tba hiii„ Thera la overall agreeaont 

If la],, a, kt eouthward wind uaiuruaCi with 

'tint g u( . L f* Trench Incoherent aenttat r*d»r at 
'Haul “kfferencee era noted aa to chn 

lt * oartUai .* Ue ?’ ,b * ■!*! tude of uxtona wind, end 
•I Ihi i, *““■ °f cheaa dlffetencBe 

■ Ml l dl..!?, f, ’ .ta ■ lol.t cycle dapandtoc* of 
‘Diih, C f,v iBT1 “ thB themsphere, Jaamnal 

Xtchta th* .L to'kdleael pc aval ling wind easpimant 
‘ ,n »I*Lloa tototokktolly predicted lumgii^tB-irlotar 
*14 Dot u,.?'™ 11 the MUnred tonal circular loo 

J. n._», . thaorarical orlmarei. 

“T^n. be., Blue, Paper LM0O1 

1150 TMbb v— 

* l " da 

?' l “ I * ‘WoSffiJJ OH SEHIDLOBHAL VITOS IH 

u " cf ° rd - 

«W*r littShIl!f f fr0 “ J “ l » »76 to Novgriwr 1977 
'*lbm feat tar DhierveElono of I tad P 

ii!- 4 ®") Uilo* con *«t«rf «' Mill* ton* Hill 

I! 4 *"- Cat. J * , *ran*U (L-band) and fixed (UHP) . 
t<> *iM«™. C0 } ,,e t«d on a total af 46 deya and 
tontrerwuS. T" OB E h,ric •tartau field and 
, J; i£d na J* -1 * n tha lovar Cljaraojphatm it 105, 
“klcelly eu..* Tfan wind uuunainti character- 

* ftatvied mud ?JJ trona 1 7- hour a ac Ula dona lrtth ‘ 

of th* — to/Wf naiut reaeUnq a asxlwto 3 hours 
Si!, 14 *' mponant. Ttwee raeultn 

I?!JUinai u - r fJ wlndH are being dominated by 
ifc*^! ydlomi- Jto, ,l " * B g > t tc a,iei ’ ifc T dependence 
1*1 nre^.”" dafcan,l "" d b » dividing 

tt. of tha r* 1 ? 5 ul,t nnd disturbed ptriod* oh 
!r* “kadi wetefc^a 1 " 4 *?' disturbed candle Lons 

ta etgnif leant ly ottered droa 
3' with the n^lurnel 

In ■itltad* „r *• 50k at the louse altitudes 
“wl«« wi n g inereoaod to bo obovo 

W, It** "^r dlalui*IS VBlB ? th BlM “W""" 1 tB •’ 

! *4 ibe h. ooodltlooa, Sooe of chooe 

by go toognet it-octlvl ey 

haJ 1 * 1 v k(st, J*™ c th "»oiphBrle taeperatute end . 
SS ^MLIa* tld*i dlailpatlon of the upward 

Sfpair tn’h° ,1 * ,lt ' Ch “Bea In ch* prevailing 
•bo!** * ■Odtf 1 --“. b •■■otleted Virh Ip Lucieuil, .. 
5kS^*ta of tto general tbarea.ph.rlc 
*2l booting. Tto Incremental 

tojiTl taccet*. ■"< tootword/aquatorward «. • 

• •taa, Paper 3A1002 . 


0d 60 Tidea', waves and wind* I 

Ul OHkLTTIC SOUftlOtl FOB THE PESF«ISE OF THE I^UTBAL 
ATIST-PHERE TO THE IIIOH-LATITUbF CC«VE£TI«I FATIFBH 

I. S. Hlkkelsen Ibanlsh Noteirol-iglcal Institute, Lyngby- 
ve) IOC 1 . Dh-flOO Cop.jnhagar.. DarvuiTc) ai>] H.F. Laiser, 

He develop me analytK ic-iul Iona to a Iwo-dlrenslvnal, 
shBliow-uater nodal of the hien-istUudo tr.arccsphuro . 

The oquattoriB are a llnaarlzel reprvsuntatlori of Ihe 
response of me neutral atc.isphare to tho r-:-«niwi 
source due lo the plosra convection palLern. Our r-d',Uj 
jhow how thu nouli-al winds depend or, the Podcrcon ani 

EIj 1 1 ion drag coeffUlents and the hc-rl:or,Ul wavwnuxiar. 

lho responao dopwds on the J icons I on I oa* scale as It 
appears ln tM product ot the fijuly radius of dvforn.s- 
L Ion and the uvewater. The Mow pattern Is ghifted In 
local Um from tho pl&nsj flow pat torn by an amount that 
depond* on th* average alactroa danolty. At tne IWfist 
acalea Uioro Is a ptioso sr.ifi Urtween U« rototlvnxl 
flew euatwnenls m the E- ar.l F-ngleps. lt.« cede I 
applies to qutet magnetic condition^ and it 1 ov Jt:0 km A 
ullllude. 

J. Caopliya. Rex., Blue. Paper 5A1IA6 

Exploration Geophysics 

OdlC Computer applications 

ATTENUATION OF S l 1 S N OGI A N 9 OBTAINED BT flit 
CACN I ARD-PEUP 1 9 KETHCD 
Sea aSlO Seismic nothodi 

P.O. Kelaali IFuraorly Dipirtsent of Physics, 

Uaf verilty ol ALhartai praaancly Ueatarn Oaophyalcal 
Co. of Amertca, 7.0, Box 2469, Haul ton, TX 772521 E.l. 
Kanaaaulch aad F. Abrwovlcl 

Attenuation and diaparaloa ara Included In aynthaclc 
■•LaBograaa obcalaad by a Cagalard-Pakerla formulae Ion 

ror tha problem ot point aouren In a layer over a 
hal f- spare. Tha tolutlon la daeoapoxad lain geaaralixad 
raya, aad the effects of attenuation and diaparalon are 
Incorporated in an ad hoc nanaar in the frequency 
domain. Tha affects of the viaeoslo*tie interface! ara 
takon lata account by ecrracrlona co thn relLnctiaa 
cnafficlont ror an elastic medium. The results ara 
illustrated with synthetics lor a modal simulating a 
was the rad liyar ovar a hsll-apaca. Both the S3 and F-SF 
casos are crested. 

360PIIYS ICS, VOL. AB, HO. I 

MID Ooaoutor applications 

TOKBBR1CAL KETH0M FOR TIE KIOBATIM OF C0BKAHT- OFFSET 
SECT [OHS IB HOHOOENEODB AND HORIZONTALLY LAYEBED KZD1A 
Bos 0950 Balsa Lc ms t hods 

Augustin A. Dubru 1 la (1BH Corporatloo, Palo Alto 
Boiantlfic Cancer, 1530 Fag. Hill Road. Fair, alto, CA 

M YhlJ piper daserlbio schemes for tha fraqnaney-damoln 
migration ol const aor -of f sat seat ions la bomoganaoni 
aad hor i rent ally layarad madia. Their main advantage la 
that Individual eaaatant-Of fist ■aotlonl eon ho 
proealaad ip loolotlon. 

The baall for th la • generalisation of 

tha fal Lowing plans--. re anilyaia of migration tor tha 
taro-offset eaao. Hlgrotlon can ba viewed loth® “■* 
domain a* a precise whmrahy tba plans waves echoed Tram 
0 source to a gaophona by a reflecting 
shifted la time to a core on Idteraneclon. The ahllt 
applt cabin to eacli piano wavi can bo d, ^ 4#d |to"^* 
know led i a Of tha diffraction curve tot thn r.fl.otln, 
point In a nalgbbothood of th. gaophona 

time ah 1 ft to turn datatmlnai tha phtaa ■■»** 

spplloabls In tha ftaquaaay domain to tha aaaaalatad 
FourUr eooponant of tha salinlc aactioo, , 

The central pare ot o.r uthoda la tha conatruetion 
Of those si reran of tho diffraction OM *° 
tba iblfta from tha valoelty Dap or the tlma ' 

Th. fault to o A-bl- of ahlft. for an •fPrjJfUlJ 
sampla of p laoa-wnva dl root lama, to be usad for 
interpolation In the migration proooaa. Tha 
.rfectlvaaaa* of tha method il llltotretsd by oomputar 
apartments with synthetic dot*. 

OEOPHYBICa, WL. 4B, HO. 9 

0920 Hagoetie and alaetrlcal rathodo 

ELECTRICAL C0HD0CTAKS IH A W0MITOUJI 

A.E, Buss Ian (Tanaco, lac., P.O. Boa 41J, BallalM, TI 

"rti^nal-Bfiiamw asa.ttw ld PFPlind to a nodal Of 

. conduollva^rosk mrfrll Itaare.d lo ■ 

La a ganarat tvrtwfoust HMtJw fleh r.l.rea toe 
a Laser Leal propartia. of a to tto alMEtla.1 

properties of the rock ■«li , x *0 *«« « 
fraqoaoey. Tho lovfroquenoy Llqlt Is eooparaa H»xo 
JfSto-.'tto-rOtlO.l and F « rk_ 0 . 

■ repeal avocation which lq |UU, "taojla.l^ fund, and 
u Igrainant with axporipaat 1« the last aha. 

OEOPHYBI08, VOL. *S, HO..* 

°r ,T 

: SsBsn! fcasys^. 536 r® = 

radalj®toj‘* “ l ' h . «^ a *JJ ^ Ut *» i.qly ml a U-dl -1 
ptobobUlty rt"{ d * -„d p.r.natar 

"r. -xpantsd. ■ 
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0920 Nsgnstic and alactll.:al neihoda 

A H1BE-A-LA-NAS9E 3TUDT OF THB CAVENDISH GEOPHYSICAL 
TEST SITE 

L. Hansiaha IDapaitmant oi Guophyalca, The Unlieratry 
of IfaaKsra Oatarlo, London, Ont., Canada H6A 5B7 ' C.J. 
Hueni funbo 

The ni*a-a-la-maaae niihad jf clattrlcal proapactleg 
la used «Asq a cnaduciva, miaaraLLaad sons haa already 
baan located. A currant nlaerrodaa La plaead directly 
In tha mineral lead xoaa, aad the rasulting pjtvntlal 

field ta mapped os the aurfaca or in thn nubaurfacs vim 
drill holes or underground openings. Tha potaatial 
flald reflate a ths shape, alae, aad orientation al ms 
mineral deposit. Field study ot this method via carried 
out at tha Cavandlah Geophysical Teat Site io Oatatio, 
Canada. Two vala-typa miaarallamd hoilaa, anna A aad 
aona 8, are known to exist at the aita. Drill holt! 
were usad to Implant current electrode in each of tha 
valna and aurfaca potanllala wort naaaured. Tho 
•atanalon of tho two annas In tha atrlka direction was 
sat ab 1 1 shad with tha resulting ai si-a-1 a-nss a v 
potsotlil prafilna. Bawavnr, 00 alaetrlcal continuity 
btrvssn aonti A nnd B could ba dlacdraad. Indicating 
that tha valna ara not coonertod al depth. Tba dip of 
aona A appears to ba touard tha wait, contrary to that 
Infarxod from the drill hole toga. The measured 
potentials ate imfluancid by thm mutual proximity of 
thn far current and potaotiol nlaetradna an wall aa by 
tha location of tha olaetrodaa wltb reference to thn 
local geologic structure. 

OEOmSICS, VOL. AB. NO. 9 

0920 Hagoetie aad alactriaal machoda 

COMPUTE! BIHULATIOi OF UW-FBBqDlHCT ■LSCTROKAflNETIC 

DATA ACQUL11TI0H 

HlllLlm A. Ban Fillpo (Doparenaat of aaology mod 
Gao physics, Uaivaralty of Utah, Balk Lika CLty, UT 
BAUD Gerald V. Hotoano 

Computer aimalation af lau-fraquaaay alectromagaakic 
(EH) digital data squill Lion in tha praarec- or natural 
Maid nnlss dimanatrataa iivirol important limitation* 
and conalNgratloai. Without a issota tafaranca aoiaa 
ramnval sehana, It (■ difficult to obtain an adoqaata 
ratio nf signal to aolan balmw 0.1 Ha lar 
frequancy-daaatn procaasiag *Nd below 0.3 Ba beta 
fraqaaaay lar timl-damai* proceaa lng far A typical 
sou raa -reel i var configuration. A digital hlgh-pa OS 
filter auhatanr laity fiellllataa rajaetlam ol natural 
Mold anise store these fr*qomeln| hovavae, ok lowor 
fraqonciss whore much longer stacking tinea ara 
required, ll bneomai laafraellvo. 

Die of a renal* reference ta subtract natural flald 
aoiaa axtaods these lev-frequency Haiti by ana decade , 
but tht renata reference taohalqna lo limilad by tha 
ra solution aad dynaalo range of tho )aatrismeneat Lau. 
Oatborlal dal* la short aegaaota 10 that natural Maid 
drift ca* ba oflent for each aagatot all«wa a hlgkar 
gala seftiog ta minimise dynialc rug* pnfalan*. 

Tha aaalyalo la olio applleabla io tho ladacad 

palarlaiclaa tachnliM la idilcb aiallar prohlana ariaa 
at low-fraqireo III in tha pram*aoa of tnlluric toll*. 
0E0FHTBICI, TOL, 4*. NO' * 

0110 Magas tic aad alaetrlcal mothqda 
IKE KFTATlM TOUIHT DIFDU 

g.H. Hgll TDopartmaqi af OaoLdgy and Hlatrdlogy, 

- Dalreolty of quaaadlood. Bel Lueli, qdltaslaad 4617, 

Australia) , 

Tto rotating horlaodtal olaotrla dlphlu King iaagaa 
•f this (raquaaty-domaia EH as t hod pOiaaaaaS tha 
property that Its B and H field* will couple Acrang ly 
with steeply dipping coaduotlvo t'drgatp ragardlaaa *1 
thalr attlko dlraaklak, ;Tht ndetat to which tUs 
coupling la optlalaad dspinds uyaa tha FoLarlietlea of 
tha aesros fluid aqd upon varying, lourri-targut 

- proximity, Thn stoto of polar! Jitoo' In B and I 1,1 
.dataraintd by applying inflaitaainnl dipole monaat 
'theory ta a rotating HBg source a* the aurfaca ml a 

aandaetlug tolf-apAOt 11 *• ehoiio lh)t tha listw L| 

: aqolr slant to a. 2-tOO rlag aodrM of orlhogoaal dlpolaa 
vltli phut differ one* of I/* ^ptwna* thxm.. ' ■ . . ' 

-Apomaly ayrialaatloo io oxialndd by Analog mafsllmg 
obi. rest loot of tha wtrtieal magnetic (laid reaton.ib at 
a wrtfisliy dlppla| graphitic target imm.r.id U da 
BaOl- aloetrolyto cod Orlomtad 0, 43, 90-ood 135 dagraos 
with rat pact to **»■ ab*re*-tdr|ot eaarer Hah. H l| 
.forlod ghet the mxtedt dl opt 1ml ratio* for tbja modal, 
eaefigorailom' la 8Q-83 poreaat tor me at -outran a 
: cat gota . Staas tht method mAxlml*a> both tooduotlva ato 
igdiictfo aacoodaky ralpoaaa, gtoallag amrvayt ara 


rrpaataa with graphitic cargoca Inaulatvd fron and in 
alaetrlcal contact wuh the asdolsd ho,i rlcccroltte. 

By dneriniaaLi.ng In this way b«tv«<n laducllve and 

conduct ins res ponsu. ll la found that, at tha Inductive 
limit of lh« respoalr, Current gathering provides ths 
major portion of tho anomaly and Lh* individual 
conduce Ive and. Inductive opl ielaat ions comfalna in such 
a nsnnar il to improva ths n«t optimising ability. 
GEOPHYSICS, VOL. 48, TO. 1 

0130 Baisnic owchoda 

STRUCTURAL I N TEHFHETAT ION FBuH K0B12DHTAL SEISMIC 
SECTIONS 

Alistair B. Brown lOaophysleal Sorvlct lac., MS 3*66, 
P.O. Bax 22SOJ1, Dill is. TE 73265) 

Tha tntarpratar of a 3-D eurway must at 11 is* a Unis 
values. Hspisoatal si teas through a data vslas, called 
Baiacrop™ ■•eclno.a, have unique properties and 
ncructural Ini *cp r ae a t ion from sham In Inal, 
convanianl, and affective. An (want of a Sslacrop 
aactim displays local atriha, a property ubLch parmlta 
direct contouring of a structural aurfaca without any 
cluing nnd posting. Tha width oi an avant on a Balacrap 
■action la a composition oF thn fraqoancy af the data 
and tha structural dip. EranE caaminationa Indicate 
faults or other dtacoo L l oo I c I a a whan they are 
tranavarsi to acxucxurel atrlka. Faults parallel ta 
structural strike ax* much loan evident on a atngla 
■ai scrap sect Ian bat become apparent with thn xnlntlva 
movamnnt of avaara from nnctlon to aaceton. Ta 
practical napping, the Interpmenc normally contour* 
oat fault black bafora proaeading to thn nint with tha 
correlation between then being aarabllahed from tha 
wartical aactlona. faith dual polarity variable area 
display*, tto Intnrprcaar cam paxcaiv* lira amplitude 
tavnln red nmrmnlly pick* tfan adg* of a trough, faith 
color amplitudn Salacrop aactlona , It la poaalbla to 
plat on tba erase of any avant , faith color phnaa 
naetlnna, th* Interpreter can pick at any arbitrary but 
conaiatont point on tha sslsmic waveform. Th# 
horinontal pan pact Iva ofua parmlta the inter pro tar to 
raeagnlan subtle atructaral feature ■ which might htvn 
gone unaatlcad IF study ing chn prosper t from vertical 
aaetloni alooa. 

BIOPHYSICS, VOL. U, TO. 9 

0130 Satanic nothoda 

AF ALTS 19 OF UI9KIC DATA IMIB1 TOBIZONTAL 
CBMS-BECnOHS 

Harlem B. Bon* (Fo marly Gao physics I Bmrvlam Tne,, 
Dallas, TE; praaaotly Bohlo PacroLtum Co., One Lincoln 
Canter, 5400 LBI Franway, Dal Inn, TX »HD) Ben F. 
Qllcn, and Xdvard R. TOgland 

Tbren-dimwAltonl data provide the I star prater with a 
maw dimaatlga far i near prat ac Lami hnritantkl 
c rota- sect len*. Dill artie In aaggenca format a For thn 
display ml tha .data and technique* for deriving contour 
map* of hor I ions, atrlkn direction*, dip angles, 
tkickne*Hi of faraatinka, tod fault blacks, 
aunmici, vat. as, no, q 

0919 Onural or •iiesl!«»mi* 

LOCALIZED BUT TUHI AND TEETIABY HI HI BALI BAT LOH 111 
SOVTHEBli BBV KUICO 

Gary ». Hallaiki (Dept, of Geochemistry Mmt Minerals, 
Calf Baa* arch and Rovalopment Company, F.f. Drawer 
2936, Pittsburgh , PA 15230) 

' Bight ikallow KLOOn deop) ralatlva Hail flow 
datarmlmatloma from lavtbprs Isu Kailco. rertoal • 
■yatomclc 3 BFU <125 mV/m'l Incraaoo occurring within a 
distance nf 2 km, Tfan maalmum sarface kont How afpiiri 
'roughly to orerlla * Tart I ary graaltla body at a depth 
ef aha at MD a within' no nr* a. nf known hydrothermal 
alnaraUistloo. Th* prassoca of the anomaly, bettered 
to bo ol dmbauxlmqa origin, loplina am active* heat 
• aoetoa tantnrad at a daptb of. 1140 o, porhapi* 
satOcUtdd with hydrothermal clrCvlqLlom. Higher 
radio act Its hrsL ptoduatlon In graaUaa may contribute 
id convective Inedibility and explain' eha*'mppar*mt 
locaraVcolqcldeqaa to two an thn anomaly and* tha body. 
Thia Bitsatloa appears, oq « local eenla, nnjUngoiia to 
coinciding .ones of high present-day hut. f Ihv and 
niters I tsab Iqn 1st England and Vela* (Brown at *1, 
1980). In both costa, ml Mtq 1 1**1 leo* U ikswisUd with 
'granUlo Inerua fan -that haa ssstrfsd me prallpvi tins 
vhtcb i« mack. |*m* tat thm a th* tkefnal * 1 1m* cunttaot 
foe ooollng bod la a. (hallow bq*t flaw data ratal long mdy 
bauscfvl Imlonatlngoihax olmilac ajragq. and 
iovasttgatlqg jmnlkh *i)»tiuUii 61 wlaaraUantldn. 
end thtrmal hlptcry. 

* nopmUGf, ’voL. M, ud. 'B - - ' - 
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